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لقد شغلتني Ма‏ فترة Ab gh‏ فكرة تأليف کتاب دراسي احترافي في تصميم المنشآت الخرسانية بطريقة مبسطة ولكنها 
محكمة من الناحية الفنية» مما يجعل المادة في متناول معظم طلاب الهندسة المدنيةء حتی أولئك الذين لا ينوون 
التخصص في الهندسة الإنشائية. كنت أنوي أن يعكس الكتاب خبرتي في الهندسة الإنشائية» وتحديدًا تصميم الخرسانة 
الإنشائية» والتي تمتد لأكثر من 20 Ule.‏ من الممارسة المهنية والبحث والتدريس. ومن هذا المنطلق» قمت على مر 
السنين بتأليف وتطوير مجموعتين من المحاضرات في تصميم الخرسانة المسلحة» استخدمتهما لتدريس الطلاب في 
جامعات الشرق الأوسط وأمريكا على مدار تاريخي الأكاديمي منذ درجة مساعد تدريس حتى أستاذ مشارك في 
الهندسة الإنشائية. تعتمد إحدى هاتين المجموعتين على الكود المصري للمنشآت الخرسانية» وهي موضوع هذا 
الكتاب» بينما تعتمد الأخرى على كود البناء الأمريكي للخرسانة الإنشائية وسيتم نشرها لاحقا بإذن الله. 


يهدف هذا "الكتاب" إلى تقديم مساهمة متواضعة في مجال التصميم الإنشائي للخرسانة المسلحة لجعله أكثر سهولة 

وتناولا وفائدة للطلاب الجامعيين والمهندسين الانشائیین. والكتاب La‏ مجموعة محاضراتي في التصميم الخرساني 
,1118 المصري للمنشآت الخرسانیةء والتي طورتها على مدار ثمان سنوات. ومع «ҮШ‏ فان معظم المادة المقدمة» 
وخاصة Lad‏ يتعلق بالأنظمة الانشائية والتحلیل» يمكن أن تكون مفيدة في التصميم الخرساني باستخدام أي كود cols‏ 
مع التعديلات المناسبة حسب الكودء حيث أن الأساس النظري المستخدم مشترك في العديد من الجوانب بين مختلف 

الأكواد المعتمدة في تطویرالکود المصري مثل الكود الأمريكي والكود الأوروبي. 


وقد كنت أنوي الانتظار حتی أعيد كتابة هذه المحاضرات وأحدثهاء مع إثرائها بمناقشات ومواد توضيحية إضافيةء في 
نسق كتاب احترافي واختيار ناشر لتحرير ذلك الكتاب ونشره بشكل جذاب. ولكن هذا المشروع» ونظرًا لضخامة حجم 
المادة والتزاماتي الأكاديمية والمهنية الحالية» قد يستغرق بضع سنوات أخرى حتى يكتمل بالطريقة التي تصورتها. 
ولذلك فقد شعرت بالذنب لتأخير نشر هذا العلم حتى ييسر الله النشر الرسمي رغم أنه يمكن أن يساعد العديد من الطلاب 
والمهندسين حتی ذلك الحین» وبالتالي فإنني أقدم هذه المحاضرات كما هي بخط يدي ورسومي التوضيحية اليدوية في 
هذا "الکتاب"» مع نيتي مراجعتها وتحديثها ونشرها بشكل احترافي في المستقبل إن شاء alll‏ فضلا راجع مقدمة الكتاب 
لملاحظة مدى توافق هذا الكتاب مع أحدث إصدار للكود المصري 203-2020 ЕСР‏ وتعتبرالمادة المقدمة في شكلها 
الحالي ALLE‏ بشكل عام ويمكن استخدامها مع کودات الأحمال والتصميم المحلية الحديثة لكل قطر في تعلم وتطبيق 
التصميم الإنشائي للخرسانة. وقد ساعدت هذه المحاضرات على مدار السنوات آلافا من طلاب الهندسة المدنية 
والمهندسين الممارسين على تعلم تصميم الخرسانة الإنشائية بنجاح. 


يرجى العلم بأنني أحتفظ بحقوق نشر هذه المادة لغرض وحيد هو نشر الكتاب بطريقة أكثر رسمية في المستقبل؛ ومع 
calls‏ فأنا أمنح Gall‏ لأي فرد في استخدام الكتاب للأغراض الأكاديمية والتعليمية أو لأغراض التصميم الاحترافي دون 
إذني. كما أمنح الحق لأي فرد في نشر هذه المادة كما هي على الإنترنت وتوزيعها كما هي إلكترونيًا أو مطبوعة. لكن 
القيد da gi‏ على الاستخدام هو إعادة إنتاج المادة جزئیّا أو GIS‏ بتنسيق مختلف دون الاقتباس المناسب لاستخدامها 


لأغراض تجارية دون إذن. 


دكتور مهندس: وائل حسن 
أستاذ مشارك في الهندسة الإنشائية 


Preface 


| have been occupied for long time with the idea of writing a professional textbook on 
the design of concrete structures that presents this challenging subject in a simplified 
way, yet technically rigorous, accessible to most civil engineering students, even those 
not to specialize as structural engineers. | had intended that the book reflects my 
expertise in structural engineering, specifically concrete design, spanning more than 
20 years of professional practice, research, and teaching. With that in mind, | 
developed over the years two sets of lecture notes on reinforced concrete design that 
| used in various academic roles from teaching assistant to associate professor to 
teach undergraduate students in higher education institutions in the Middle East and 
North America. One of these two sets is based on the Egyptian Code of Concrete 
Structures (ECP 203,) which is presented herein, and the other is based on the U.S. 
Structural Concrete Building Code (ACI 318), which is to be available in the future. 


This “book” is intended as a humble contribution in the field of structural design of 
reinforced concrete to make it more approachable, handy, and useful to 
undergraduate students and practicing structural engineers. It represents my set of 
lecture notes on concrete design according to ECP 203, developed over the period of 
eight years. However, most of the material presented, especially on the analysis and 
systems, can be useful in concrete design using any building code, with proper 
modifications, since the theoretical basis used is common in many aspects among 
various codes adopted in developing ECP 203 such as the ACI 318 and the EuroCode. 


My intent was to wait until | rewrite these lecture notes, with additional formal 
discussions, in a formal textbook format and assign a publisher to edit and disseminate 
that textbook professionally. However, given the substantial size of the material and 
my current academic and professional commitments, this project can take a few more 
years to be completed in the presentable way | envisioned. | felt guilty to hold back 
this Knowledge further until formal publication although it can help many students and 
engineers until then, thus | am presenting these lecture notes as is with my handwriting 
and manual drawings in this "book," with the intent of revising, upgrading and 
publishing it professionally in the future. Please refer to the remark in the Introduction 
chapter for details about the consistency of this book with the latest version of the 
Egyptian Code ECP 203-2020. The material in its current format is generally self- 
contained and it helped thousands of civil engineering students and practicing 
engineers learn concrete design successfully. 


| retain my publishing rights of this material for the sole intention of publishing the 
textbook in a more formal manner in the future; however, | grant the right to any 
individual to use the book for academic and educational purposes or professional 
design purposes without my permission. | further grant the right to any individual to 
post this material as is on the Internet and to distribute as is electronically or in print. 
The only restriction is to reproduce the material in part or whole in a different format 
without proper citation to use for commercial purposes without permission. 


Wael M. Hassan, Ph.D., P.E., S.E., F.ACI, F.ASCE, F.SEI 
Associate Professor of Structural Engineering 
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Introduction 


This book presents my set of lecture notes on the Design of Reinforced Concrete 
Structures, primarily according to the Egyptian Code of Concrete Structures ECP 203. 
| used these notes to teach civil engineering undergraduate students and practicing 
structural engineers in several academic institutions in the Middle East, and partly 
used them to teach the subject in North America. 


The Introduction is included in Chapter 1 to shed some light on the background, 
content and organization of the book as well as some remarks on the proper use to 
teach undergraduate students and the consistency with the most recent version of the 
Egyptian Code, the fifth revision ECP 203-2020. 


Chapter 2 presents the fundamentals of reinforced concrete behavior of compression 
and flexural members including the stages of cracking. It also presents the design of 
reinforced concrete beams starting with structural systems, load calculations and 
internal actions until full reinforcement detailing, spanning flexural, shear and torsion 
design of beams. The chapter also presents the serviceability limit states of beams 
including deflection checks, crack control, and water-tight section design. It discusses 
designing continuous slender beams, deep beams, shear friction, and short corbels. 


Chapter 3 discusses the design of various types of floor slabs including solid slab and 
beam system, paneled beam slabs, hollow block slabs and flat slabs. The chapter also 
presents a thorough discussion on the design of reinforced concrete stairs. 


Chapter 4 introduces the design of reinforced concrete columns with applications, 
while Chapter 5 presents the design of isolated spread footings and acts as a place- 
holder for the structural design of various foundation systems. 


In Chapter 6, the design and detailing of reinforced concrete frames is discussed and 
supported by several solved examples. As a further extension to Chapter 6, Chapter 
7 presents the design of long-span reinforcement concrete systems to cover large 
halls. The systems presented include concrete frames and arches. 


Chapter 8 thoroughly presents the design of liquid storage concrete structures 
including elevated and ground/underground water tanks, swimming pools and other 
liquid retaining structures. In Chapter 9, a brief discussion on the design of RC systems 
for lateral loads, namely wind and earthquakes is presented. Chapter 10 includes the 
concepts and applications of the design of prestressed concrete beams and slabs. 


Finally, Chapter 11 covers of the evaluation, retrofit and repair of concrete structures 
for gravity loads. The material covers the types and identification of concrete cracks 
as well as the strength and deformation testing of concrete construction. 


The presented topics in this book are backed with hundreds of solved examples, 
solved past real examinations and unsolved homework problems to engage students 
in hands-on applications of the theoretical discussion. Many of these problems are 
acknowledged to Cairo University’s Reinforced Concrete faculty, and could not be 


traced back to a particular faculty member. This book contains also a few companion 
“student commentary notes” that appear without the “page borders” using less neat 
handwriting. These “student commentary notes” | drafted during some of the tutorials, 
office hours, discussion sections and the like, to explain the subject to a smaller group 
of students in a clearer manner. | included them only for some of the topics when | felt 
they add more depth and value to the primary notes (with page borders.) An example 
is the Torsion in RC Beams’ "primary" and its companion “student commentary notes." 


The order of the topics in the book is organized according to structural element, similar 
to any professional textbook. However, this order is not necessarily the one followed 
in teaching undergraduate students, especially in the Middle East. The instructors and 
students are referred to a companion version of this book, posted on the Internet, that 
includes each chapter and its sub-topics in standalone files for better accessibility. 


А Remark on the consistency with the most recent update of the Egyptian Code of 
Concrete Structures: ECP 203-2020. The lecture notes presented in the book are 
generally consistent with this update with a few exceptions that are partially listed 
hereunder to alert the reader. Please notice that this list is not exhaustive; the reader 
is always responsible to check the consistency with all applicable local codes for any 
topic he/she uses of these notes for learning or professional purposes. The author 
bears no liability whatsoever for not following this disclaimer: 


e The shear strength equations of concrete in Chapter 2, Section 2.10 “Shear 
on RC Beams,” page 19-22 need to be slightly modified for consistency with 
ECP 203-2020. All similar and relevant examples throughout the book need 
also the same modifications. 

е The book does not include the new high-strength steel reinforcement classes 
added in ECP 203-2020. 

e The maximum reinforcement ratio in beams in Chapter 2 needs to be slightly 
modified according to Table 4-1 and 4-2 in ECP 203-2020. 

e The book does not include punching reinforcement in Flat Slabs. 

e The Serviceability Limit States presented in Chapter 2: Section 2.12 need 
minor modifications. All similar and relevant examples throughout the book 
need also the same modifications. 

e The Prestressed Concrete equations and limits in Chapter 10 are to be 
slightly modified. 

e The calculation of base shear in the seismic design of Chapter 9 is to be 
updated according to the most recent code on Loads on Buildings. 
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LOADS AND BEAMS 


Figure (1) shows a typical floor plan of a six-storey administration building . 


The columns are located as given in the figure. 


Data :. 
e Concrete characteristic strength = 25 N/mm? 
е Steel yield stress = 360 М / mm? 
e Live load intensity for rooms, balconies =3KN/m 
e Live load intensity for corridor =4 KN /m° 
• Density of brick walls (including plaster) = 15 KN/m 
e Exterior wall thickness = 250 mm 
e Interior wall thickness = 120 mm 


е No cross beams are allowed through the corridor 
e Beams are allowed on dotted lines shown in plan 


( Fig 1) 


A- For the shown plan; it is required (0: 

1- Draw a structural plan showing the system of main and secondary beams. 

2- Sketch the load distribution on the proposed structural plan . 

3- Calculate the equivalent loads for the bending moments and for shearing 
forces acting on beams : 
a) ВІ on axis (6). Between axes ( B,C ). 
b) В2 оп axis (2). Between axes ( A,C ). 
с) ВЗ on axis (С). Between axes ( 1,8 ). 
d) B4on axis (1). Between axes ( A,F ). 
е) В5 оп axis (3). Between axes ( D,G ). 


B- For the beams ВІ through В5 it is required to : 
1- Draw the absolute bending moment diagrams. 
2- Draw the shearing force diagrams. 
3- Design the critical sections. 
4- Check shear stresses and calculate the required shear reinforcement. If any. 
5- Draw the beams to a convenient scale showing all concrete dimensions and 


reinforcement details in elevation and cross sections. 
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efor the previous loads се? in 5.1, ре Moll Hainin | 


Mb ens 07] BMS, for Simplicity yume chPective span Ley i$ 2-4 


© Single Beam 8, 
I. Absolute Bmp 


Wu, 35.244 t/m 
7 - 
= ۱۰۸۷ 253+ ۱.٢۶ Ll 25.346 Ул 


5 „49, + 2 


T. Absolute SED 


47 = ЖАР! +4 fJ 


227 3 ра 2.06 + ۱/۰۷۸ 0.855 


= 4.252 Un 


2 Сийис Beam 8. 


Gsh 4 Г 
Q © | 9 


Absol ule BMD 


: 3:(3 
А, = 348 Va 318 Un 9.54 Не 3, 
В: 11% у UNS жең 
Ч, = 0.56 هلا‎ 14 Бы " | f, 


"۹+ 214: 2.84 t 


Wp, = 6.144 Ма one ње 


‚ Cuse of Мах ке M, 


~ 


5.624, ben 


2.96 Уж 0.754 


« Case of Max -x M, 


„4.24 m.t 


‚ Absolute ЕМО) 


a TS ۵۲ M, (AE pia اف سر از‎ M, = 21 با‎ mt 


R= ub, xL _ -ve вм C Taking moments @ 2) 
2 L 


2 
Ж = R g of Zero Shear) 2 ГІ, Pe Muh, oA 


mk‏ 205,824 = سد 


1. Absolute SFD 


3.4 lon 


А, аз Pe 
j e. 36 جا‎ 
Ra 0.855 Иж | 
NR 2 9.0 64% Eom 


* Case Ror Max Q МЕ... НЕШЕ. 
| 5.148 М 
o5 从 
5. та“ | 6 
ج‎ = ۳ 0.734, si 0 | 


ч رن‎ 


Beam B3 


„Сасе 55 has Equal spo , £gual Leads, so ғо need for салад of 


۰ І. Absolute BMO 


1 . Absolute 


7 ае Ам 


« Case оР Мах М, X Ms 4.13 Ни 115 He ۸+. 03 Fe 


e Case of May M^ 4:23 D 1.285 HS جا و‎ 


‘Cuse of Max My 2.08 ta 1. #85 Ни, 44.03 ter 


e (ше ой Ma Мам ( 3. moment «Фа ға) 
4.25 Hm a LIS Hà b 4.03 Уз 


о: «2.2‏ 1.02 اؤہ ,اد .88.11 


б} Sree жайт af 27 


о.о < 6:30 + 2 Ма ( 6.304220) + М, ж 2.26 - ~F (же? + 0.51) 


2219 Ма 42-20 Мр = — 267.48 2, 


» Applying 3. moment еди ation af L 
М, 220+ 2/7, (220 45-70) + 0.08 X702 -4(2.57,2/./е) 
ده‎ 2.20 МЫ + 15.8 М, =. 1894 9 


E Solving £D XQ) ~ Ма= they mt қ М,-.4.94 m4 


s BMD 


• Cue of Max М (3. momen} ама) 


= Applying m monn" ера от a А Cn 


лаг 


= оре 2- momen сишао cif 2 


)8 ہے $2 77 - ,5,2/7/ + My‏ 2 وه 


PTs 15,307 тор /% ==? m T 


BMD 


2 4% “Ма + 22/7, 2 = gp PS 


=н 3- morent срео а Ar «My 
AT ۱6 9۷۳ ہے‎ – 18, $4 А -648 Py = -//.2/ и ; 


2 Absolute BMD 


5-32 и те 


17.22 mt //,77 ۸ 
= 0. mb 
ай, 


p 


| 1. Absolute SFO 


eCase of Mar Q, д %; 
Case oF Max 0,40, 


. Case oy Max %, х Os 


| 22 #5 6 
5.3 ۹ 
к-- د‎ ПРЕ. ЕРШ $3 4 
3.64 Hor HS Ha 244 Va 
3-44 Ме 1385 چا‎ 1.4] би 
SS SSS - 
гъба Ия 725 1⁄8 за Не 


Sy 


SSE 


4 Сале eb Мах & қ Os ( 8. moment Еш) 


3.64 Ha ۸۰/5 Би 


im А | 1.04 


ш Фе moment ит of of #- 


de IT Ма 2.2 ГЛьз - 230.58 @ 


° 3- moman? equation at b 


eo 2.2 Mla T 15.8 77 = -162.%2 (2 
тейен ریو رہ‎ 
= Taz - 11.45 md 77,» -% m.t 


/2.45 12.45 56 а.ш 


3.64 Hm J 115 جاع‎ ) 1 3-834 НА 
еее та Y 3 
не | 126+ “26” | 44 9.9 È 


X ЇГ ۳3 | | 1.52 Ё 


п. 1 2.341 >. 43 | 1.421 


С oP Mar Org з 


- 3- moment саћа» ot Со” 


з Ми, 227) = _ 2222€ 


* n 


~ 2- moment equali em af 6 
в 22716971. 924 


МТ: г wth AR ӘЛ d MI af. 3 пт. А 


3/3 BB _ 135 17) 


( | 255 | ( /.79/ 


بل 3.6 


|; =. i 
( naf 154 


5 41 Гале 4303 | | 0.65 


756 | 6241 2.34 | sas 


| «Cure of Man 0, x Qs 
2 3- moment 247 аға” 


oo 1? а + 22 /% = —/20. 66 v (1) 


e 3- moment 292 at + ` 2224 +۱53 و"‎ = -/6 6) --->ф 
e Soling DAD ~ 77622555: X ۳۱۶-9 mt 
W 1.785 the ) 2.67 ۶۰۸7 Ha 
ЁХГ ssh | ШТ i faat 4481 
lad? e | 1-3, Lat Тай 69 | 
| Тал! c= 1 ۱۰.22 3.3] [1.54 18-4/ 


٠ Absolute ٩ Ds 


| 2.29 


ol BS Yourself Usin mental Fyualion 


° Absolute BID ۰ 
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| اح | 


| 1 Троји Um 


+ STAGES of Sireses. 


: . No cracks ( tincracked Section) 
. Concrete | cart 12: کو بت‎ 4 Feast 
:.Cracked Section ( Heir Crxc kx) ог. Stren Trage). 


. Concrete iS neglectel in enti. سس‎ ај. 


+ . Cracked Sechen C Ultimate shengh, rem 


- Concre he is الج‎ га “Tension š Ultima їнэ 
^ چو گر‎ еке, CUllimale Limit shake Design) 


= (вас. #5 neglected ia Noms (om e Ultimate дави е 
0 


o Tesal Safety Lick, ( را‎ Y) 


Ix 1 5 Linear СА E лэ‏ ہے 


" Sage IIT x Iz : Mon- Linear БРИ aestabuhim 


ғ" 


Ria! 
Plate 
Steel 
۸م‎ 
Ас А, | 
Ed ak 
g СА 2 24 

Е А 


4° Pe K +£ 
ээ 
. А + САД) Á 
o (Aep № PE) 
ЗР. مه‎ (бнаа, 
Е (Кера), = ⁄ + A 154) 


where EE 3 РТО ГУ mo 


~ 


a Virtual (nc. Section (Men Poe me Гескот), 
чт -------------------- 


Асма] section Tram formed! Sechin 


Ue Convert Ње Skeel Im Нияой cide 


Co equivalent لاعف‎ conc. (То wre ik ہر‎ sege Т) 


FTT Modalar rier 


д: Stren of грее! 


Ё, : Stress of cone, 


for шаш RC. sechims (Ше in رس‎ | 


in waker — Structure. (used in Shape I.) 


. SAGES OF CRMCKING. 


.STABE 1. (uncraked Section) ( Elastic Design method) | 


| 
t | 
پ5‎ ka 
Ache] fecha. Tran formed Section. Strains ЯЛАЛТ 
-С = T ۰ T= Te + %% 
s Os Г с. #.. « (Е-с) š l = 
С 2 پت ہے‎ 5 < = f, z . Т; т 6; 22 
. е; — 24 3 Мед, = Mink ^ М- С Seb 2 us Зе! 
Limit of Stage 1 : f Ж Ена. 


neo Ал Shape T. 
sco JI <— hil A, € Nension Лу الم‎ AL. Zl AA ی هه‎ ° 


ТЖ Ayo /му Р-Я للد‎ СА 150 73 


4. shi [ wus the v2 of maade пратка Ce bank) 
5 (weder Structures 


2 gtk ио of Cent. Shel, 


X Gel Фо” of NA (Ge с) [ 1“ тата) Pia | 
4 пр Í 
г. (+ (4-1) Asd 


(bL + (4-1) As) 


І.с. bl (2-4 )4 (2-0 4 (9-2) | 


pent Chen of (тас 


у = 7 (8-4) > 53 (Tensile Strew 222722 
7 


M а (Риф then of del). 
1 


_ STAGE La (cracked Section) (Working Stren Design). 
( Elastic Theory у. ( Hair Cracks ste). 


[ linear Яш ) Linear Shea ] 


eo e 


„Ас! Secho. „ушле тгд Section. Strain. „5 reas... 


4 шиг in Ни sioe © bane сэ working م5۳۳۸‎ 


wor king Moment) (ie. ще apply Working Loads) 
.2 کل‎ да هوالزت‎ das “Ай, Ca^ Л ج‎ LÀ DL LAB! Hot тор ° 
„= Вер „Т- 6,5 « Geom Ты 
Ме: Ми. “Мое бо Yet = То. X. 


Меж: امش‎ сали ра) Ми: у бај eu руши 


„Та Мейо4 is Sane d! on He allowable streme (ssorking) 


(7 жетелі; of атл 2 ME -o 


š Бс (4) -n fl (d- c) = مہ‎ С 


Get z : moment of ez. 


„ | كط‎ па (4-20) 


e STAGE ЇЇ. (cracked Section) Lis Додо | 5 А] | 
(4.5.0.м.) . (Ultimate тд ређи Method) 


0.85 Peu 
Що. 


. Siro» . 
حك‎ valent Rectangular Stren — 5۳ 
Distribution) 


. (е = 0.85 Ки. a.b " Та As Py 


С. See = Ла. Ick.‏ 3 بآ 


factored” Loads 


2. Tha Method rs Based on limiting strains (Eu, 8) 


3. The 4 лак Strength of the sechow is reduced by 


facto‏ نم دہ 
以 тил crore Ф Р Tint 4 ф Mu‏ 
so it's culled (d Methods)‏ 


due In Ша stue we must Check  SePlechon, cracks, 
ulFimale Lounes. 


"I^ سے‎ ма warring not 


fa 


|5 e Va ( failure Stage) ی شیا‎ РИЧИ 
(Ultimate Limit St ate Deo: Мера] LLL.S.D.M) 


[Same مه‎ Ное W Buf Ба ,ما(‎ safely | 
7 J J o. 6F Ku 7 


Ec Е Coy 30.203 Ss 


il = E 


Є; = 3 


Нл, Sten. 


ge we иле pactial Factor: of Бий, 


Жэ 和 8, : 12799) 


° be «Ті, 4) Са = کدی‎ Ки а. ¥ و‎ 2 As f. 
v Х 
„Noles s 


. Tia Мейлі is Bared on limiting Steins. 
. You Long fo check 


(cracks, deflections, feformak on) 
Це هه‎ working nef 
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Practice Conceptual Questions 


. Question 1 . 


For the Pollowing Statements , specify which fe Vuë 
хом is Pulse, x фи балет For False Пт. 


1. for а Ю.С. Sechon زر‎ we у all variables 4 dereare 


[4 ` 


G , a will decreane also (ж) 
—Shlow is lee HIN ۸ 


2.Юғ а Р.С. Section, IF we Px ай variables 2 decrease 
7 : As will increase ¥ jJ will 2277: CX) 
- Statement is Pulse As: омым 47 


| 3.for а К.С. Че, we Fix ой variable x 


| deceane $, GAs ‘will عمهمء مز‎ (27) 


2 аб мы 5 це. 


: 60 


д- for а В.С. Sechon, TF we Fix all variables x 
decredne b , As will increare x d abr will усним 
“5 төр is false бо: constant d: Increases. 
(5505 али) 
5. As we отаде ће ин on the Весит 
the MB. is shifted ар 07) 
~ Statement is wue, 


6. The use of 6; is not essinkal in under 
Reinforced — sechions Con) 
5 Shebement is true. 


1. Me minimum Reinforcement rake Por a Te. is 


cal culated байн the озг of Flange 8 (х) 


"1 Statement 15 Го се x une b 


8. For “и. eC... if бу is „у Ral mani 


7. 4 до ой Section ше Си = o.03 ¥ €; 2E, 


is ۳ ed ۷۷۸۳ eink. Хес ( x) 


- Statement is Је (сифе- REL. Secho) 


lo. Balances Rulure is a Sudden бак (27) 


2 Sha ome IS Шие 


DE us Ne mko bet? ° Ju 4 С max in 1-5ёс. 


Is سين‎ the metod of calculating the manimum 


Reinforcement гэ со dau ( p) 


- Shemen is true, 


PN Madermeds sechons иде he medar rahi ДР 
£ 


te اجه‎ В shel to equi valen бис (с) 


-Shiew»i is true: 


Әсері foc limi state design, stain 15 oben proportional h‏ - 3ا 
Re Fishunce Pom the те ауа! Axis ( X)‏ 


№» he СР. speci fied Max. limits oF 
Л, cA à & for tenens in "en 4 K.C. 29 X) Ч 


» СШ л 15 Ё сг : To ensure duchile failure. 


15- Ју a fatal Mitake jn бут to we 


Á = 0.8 A, іп Doubly RH. лоз С) 


- کلم را دع چم да‏ هموی -Slleme is Ыбе‏ 


үп 


LAST إذا‎ Қ-А) 22, 42 Dody ۵۲. зе Коу 


lé- The Value 4 Mains в.15 Z CHGS.) is 
specified by fe ede le overcome сар ia anc. (A) 
сайты ic Ме: Ми value is ما‎ 
overcome Sirera due to пише X и аи 


in concorde | Termal Chang to), 
I1. To incredoe Moment ہے نے‎ of section, it’s better to incrtgot 


(A) not (¢) . (X) olas с Ай; St d 51; cys 


-Quotim 2. 


Sketch Sua Strain Distribut'on Фо 
under дому Reinforced بد‎ Вајс есм. 


- Solutio < 


Refer № (ULLS DM) Pgo, 4,2) 


„Фи ол 3. 
why 15 је > 2 


„до. 


Uncertainty 


„Севт Le 


Why Dou ECP. Speciky Изие for 
Jin x Max (mad mat —Reimborcemet یلم‎ 


° Sole Ком 4 


Snax‏ ۔ 
Же ECP рай а limit for Раштат АРА‏ 
to ensure tat the фул is unde OLS‏ مب لم 


So iF har at ductile سید‎ Же. 


“ ти 


f f ) 4 
‚ 75 mat dab falar. 


. ۱۰3 ба bd : To мит that He sec Hon 


Фу serta‏ وہ will acs а‏ نت 


в Z, H.G.S 


75 overcome ғи ff tensi 
“15 7 (2. ç 


due to thermal a | Едртткот 


X centractiqn) . 


. duth 54 


If J” b a لک‎ T 


with Ёа = И т, Ь-2% مس‎ dz 65 он 
. Ra: 250 向 /mm А Е; z $foo К; lim 
‚ DeRrmine Jinin 


„Solution. 


و 977 
қ‏ سے وسار 


гче 


1.3 Asreg ط/‎ 
9.152 H-G4. 


4% p z T. = 0.0050 3 


= 

„Фие ел 6. 
Shook on Феба siran Cue the de Верт 
ge کپ کٹ‎ 


E Solub von 8 


Е 
shut Ам ТЕ P Skye Г: Мо orks 
Stage I: Workin Stren ur id 
Sè Т ђ Shy Д: ultimate staj ы 


А 


IZ : LL. f. D.‏ وبا 


ае (54401 


. — — Е (бі 22007 | 


0 
Explain бе chet of d in doble RPE 
Seckion. on ага 4 ои Moment Capacity, 


e Solution * 


ОРТ УАР” 27” “Жы id afe фы c бал ود‎ ~ 


41 < 2.5 (885) 
f/f 4 942 ( Mild. Stee!) 


ы мийн aid 
(AS) Co prior REE أمن ال‎ nnm Leone i 


«ec اک مم‎ < ( Е; == Es ) yield 312 


| .— i.e. we changed the d' | . 4 
ش و ہے‎ релса lj Li- 
„мыйы اللا لوک‎ VM, 22 6 


(жеме, adf cta) 


РА 


: 4, - 
Es z 64/1 — ۹ 
я 5% [% És F m from similarity E, SLs | ولم‎ 
= · 


@ Pe өп Moment Capaci қ 
| 1 виа ? 241 
ай که‎ и ad ! 
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© Define y Рі унае between  Charachrishic ачан 4 D d 


+ Characherishic. 22 ( Р.) 
the Strength et амі Cube )/5۶۴/ 5+ 15 ) “Ё ӘР ао тәуе ага 


БД ор all ева Specimens oul ای(‎ below? 4 Di de togh, 
used in Lege Ю.С. members. | 


4 Target ا‎ (ја) 
f = | и и 
т: «4 22 деті on Me oP АУ” 
یی کے‎ of 2 


P Discuss the Жарым Жа? “л influence гасит у 2 


° Material 应 rr。 
1- Type X amount of Cement. 
2- ре + umount of rs (xl + Sand) 4 sire фа, 
Фи 4 amount ef mixing afer. 
Фр “uy of брак. 5- йо of air ented. 


“Тофисве fuchors « 
1- Time of mixin 4- Тре of страст, РИМ 
4 B. Mekol of Transporation 
3- баі of lompaction 4- مس سا‎ ak поела 4 227728 | 


" Sisa иет, 
|. Method 3 quali 


de Type of mixers 


of Curing 


0. Discus the Chareknke of Nominal Sheu thrin Curve كو‎ Conc. 
۔ا‎ The Сим. is (лис 4 № o6 fou. 4 
2-1 (Тейт Shu) (0.05—0-le) Да 
3- Max. Shein qu > боо3 4 < cB 
- Sen ه‎ ele que > хоту Medidas = E = povol Pea 
5. brile тайга! with у“ Жу е Бин. 

)- Concrete cracks under bens + Crushes under competion 


F- Gadea of Corée ts L to Жей» 7 7722 free 
4- Cracks "4, евр die to sot 4 фу гр wet ол. 


4. Expam riw У J ст e a ж cn Z Ope 


۵۰ Discuss Me reasons for tre с? Reinforcement speel /7 Cone. 


|- ын Кси Pre to аш | ۴ fo [4 
Since Conc. IS a 722 977299 k Cannot Carri Tunes. 


2-5 limit tensile huse de / بأد‎ айы سس‎ 


3» Те ны che of i; 


| De Mat are fe 


ја Пере craks: 7 FX. a 
f- Gar Creul ; af max. Shear, ae 45° of beans. 
مگ‎ Shear Pernil Cru k : dae Lo - тот? ہم‎ 2 ar 
” Фа | : om € دا‎ оу Ainge ОК ге j 
7 Қас сек : Үйл, 3 d А dy Sh А Рій ка 
5. Кис of bond i F reinforcement bar. 


Q ohh, is if 7772 to we spel pa га R.C., not ۷ 
oker МЫ 77 


(-зме елротзіоп Coeficient of shel 
(6.- Ix lo TE A =t 2+ 3 5o Shel زر‎ used Fr ibs | 
with отс, so № skd bad ши ез Sp of! ا ور‎ , 
\ mat twit bay. соно 4 Sel burr کے‎ ай ee Mm 
(24-43) تیم‎ МА ОД) 4 


da Bond ( Lhteraclion beten bar ф Лоте y 


Бесәй loncrele) provers ЕР ok the bz; 


Ме в Me ےا ےس ہے‎ 


3- Fal Сотс и ліжа pe 072 песка ir, 


of Ше cortrele tm سی سم‎ ber corregir. 


| $. Sk he main цагдан af E s Жану; (Ж о feor), 


| Shrouns are ес ¥ linear. 
2-5ІМие oc ناد‎ 
3-۸6۵ baf Бр Cie, риф bond! bef мо 4 Stet.) 
д -Onnek in knim کر‎ ignore: 
و‎ Band on equilbrim of Forces Suck Май 
ЖУ 5 ‚ A бейе eloke mode shew. 
Ке (0. 55-0.6) А, € جیا‎ dut shel Mus. 
С Chus, бет are biad en Servie 22772222) Phe 


fe уда pe (74‏ ےت 


„+ ЈИ ۰ дет жоя uliak dogn. 
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ж ж 24 Ч. Nen امو سد‎ | SS el a Pc 
1 | ens 3 


1 rt. Р, [№ 


prp 7712 Ke mp عبرم‎ / 72272” 
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тете” рт 


|- Dimensions of А оп ا سح‎ dim m: 


BH oa tC 4 . ay 
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My < Ї 2 My e b ر‎ ығ о< 8. 
М. е - J My dE ^7, ex Аг 


$0 i К.б. ИС. vag d у AT еее 722 5 
£ 7 Я” 2 тае سی‎ 


efor a Re. sec. ЛАТ fo u абий: el т 
discas the effec of رس‎ Feu, fy, b БАРАР 
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4 41 
hy 41,41 
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А (1 - 7 ) (7, 5 - у 1 
e Deri w wi tisk Binejotes P A. A : Fa SY 5 


sfr а Ыш Settion:- 


| Se.) = E wm т eee ______ 
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E T d Ч саас P 2 ses 
8 Es 2 | /eg/ om > 6; 1.15 9 (3) = тъ + 


# tom ер от of Жұбан” Фесфет- 
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Z “ma о Failure 
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У CM) nag & £ (4), 
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ас ёс а T I Section. 
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e hue clim of # 0 


That is why it is a function of concrete and steel strength іп the ECP 


& Рот Ве Рут? principle 8 ее an баргил Pr 


| а амс equation involving sl ferentis رس‎ ар” 
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. LET IMATE LIMIT STATE DESIGN METHOD . 
„ЦАРА CREE س‎ 


| P Introduction ” 


= Objectives of Structural Design. _ 


ЖЕ Safely : means safely against [ше (al members of structure 


must have- adequate streng to Sustain uchin Loads, 


| 2 Зегмсеа Ч و‎ Structure жор онд із purpose ајот Яо 


| span life without cracking 5 deflection ,... eke. 


3- Economy + ЦУ required to give the most economic design 


for Ме Structure te minimize cost of construction X maintainance . 


6 Meaning of Limit State E 


Structure becomes unlit for use when از‎ peaches 


“Limit state” limit state includes صط‎ peo :- 


2 


LU 


Е Liltimate | бей: Shute " التصبوفة‎ zo El an АЗЫ تسس ةا صد اام‎ | 


. Means reaching Sudura) failure by collapse oF ۰ 


Sedion , СЛ loss of structural elabllita . 
„When we consider ultimede limit state we use Ultimate Load 


(раја JU p, с задал SLEW) 
more Safe لٹا‎ ultimate лалы de 1 A em. 


2. Serviceability Limit State “peter” (WIM) 
5 Includes : defor mations 3 есем 3 cracking T. 


Service (sor iva) ( Actual ) odds. 


Seniat ani) lige Check ال‎ дэр Ultimate الہ‎ Weck maal ук 


4 Struct ага Safety e 


EGF provides Actors of Safely fo the си ure fo ۴ 


За it il be заре under acina Leads Г there art to (оғы! 


(0 Load factor 


(ore өс Мое Lab رتم‎ Yat) Factors g ИНА نوب‎ 
.: — e до, 
1. Variation of actual асі Loads Prom سو‎ loads in نے‎ | 
1. Variation of distribution of loads from that хадат in фри. 


L. Internal forces ma differ from those са/а in desi ” | 


Ultimate | се will be used. 


lad Tactor Por >. = k E إن‎ Fiat DL ата» D.L 


Lead fucker fer 14.16 ~ Ujtimabe 人 ,人 = اک‎ 


e Workin Loads ( Service Бан), 


e eatis‏ تھا 


.) التخغيل‎ ebb یه‎ Ut le Ма Ps SN) SN Sloe, 


Wi = Jb + 


Workin въ Service эн» 
Ws), = Ish +h шан 


~ULTIMATE LOADS. 


Щи Design We use 


ULTIMATE LIMIT STATES DESIGN ۵۵ 
11,6... 
с“ бат) جالاته (گدود‎ ad" 
So, We need to де: 
Liltimate Leads ву ЕРЕ. Loads” 
«Joc Ultimate Loads :- 


a = 15 (3, + Th) if ВХ 755, 


Му = 1.41, + /.5 n General (use 


y repeat for shat 
T es 2277 2 ۱۰۸+ Ја, + ۱۰6 بو‎ Bener Сеге 
سس سس‎ 


Q) Capacity ("неа йк) eduction Factor Y 


“L. a) الففلية‎ роле А وم‎ ТЕСІП): : مادة‎ са Gado fle 


RR IN SW аб» A aui iere e اتل سر‎ (Е | 


I- Actual dimension may Жос from design dimensions. 


1. Reintorcemmml bars may be nel in py poshon. 
| 2. Actual тайпы! ste л رس‎ differ from that came бый 


| Z. Actual behaviar of structure may differ from expected. 


-? — al Saders JL ET — t= ¿J ЕР ОТ ДУ) 


#15 2% سط 
In cane of Sections cubjected to‏ 


доћи 2 % 21.45 Bending 3 Shear > version 


• Question : sn њ 4.» 7, 22 


e Nominal (Actual) Stress. Sin Curve Por Concrete under empresa: 


Ares Ж = ۰ 7ر‎ ks om 


Compro»ion Ее TM 
— Е = SES. Modulus of Нана 


TUN 


Strain 6 


c 2 P | АЖ‏ نے 
in bending (Sun ар Padure)‏ 0.005 : رکا жас de‏ 
Ecu‏ 


4 с.262 in Axial сотре! On 


Гг: stress at ۸۶۴۶ ( chavactaristic Strength) 


|. لعج ام[‎ (ссу) Stremys-Strain Curve. for concrete under ف سل‎ ат 
( Design Curve) 


1” 20 Ладо 502 
: ا لے‎ LE 
P °. Z Ёс мэт” р 
227 ama: ыа 45 Fou 

Ч. 4 | 
$ | 
am Je ке | 
parabola | 
| 
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Strun € 
62۰۵ €, 29565 


aff feu 5 а= 14-8.45 1 fe ado ^ for soa Loading › 5/6 сва, н 
4 с 


2. --8: Éo relate elder درف‎ le cube ما ات‎ 


«Nominal Str 7 Curve for Reinforcement She . 


К азр 


H.G.5 Z = = Н.4.5 
(36/52) , 0899) 


mild skel 中 €, „0012 [ mild | 
(44 /75) 


| (28/45) Дои. 72824 | 


£u wf 分， 


Є.‏ مره 


|. АРАЙ Shu - Strain Curve for EM. She] X (Destin Gur) 
العلل‎ ур 


+ Design Curve 


Beam Section Subjected te Pure Sen din le 


MA. 


Strain dislribulien 


EX of Desin oF 7272 Sections цан а P; a 


1_ Strain Distribution is line ( Plane Ге befre ej ہے ہھرتم‎ (AS рате after 


2- Sina Llealiçef ср Sin Curve Фет Concrete. 


a- Using کلم[‎ chress - Skreuin Carve for ؟‎ 


бир‏ أت در ) . All tensile she» 15 curried by ке]‏ - ہر 


i жары зааж. 


Shes 


Ори Кои, 


+ Equivalent би Block, 


и Fay. Фасо» У i) гл b SAS Me تتیے ا‎ LJ الود سمع‎ 
DAD Го 25 tcu 0 

а) | |- f La,‏ مس 

ماص еі als,‏ ےءدے ےت 

ecu اوک‎ 


- F uivalent Shess Black 


ent: des Sitribution 


MA as "muc 


db г 


Width P Compression Jone does not decrease (40 ditunce from ۸ 


incredre. 


سبالم : pir Lipo‏ اکرسانۃ у‏ سطقم asi yA Аё‏ أمال_ ؟؟؟؟ 
سوال : A JG) wb‏ عل ملا ¿F‏ 88,37۹ 
بسذلك: Мил дьыл Мур сел Vas Ue) уу ЈА жен bu‏ 


« Modes of Plexurad Рие, ( Types of Sections Ї үе). 


6) Tension failures Duchle failure = Under Reinforced. Section 


( Steel ell. Nes. 3 


No وال‎ + «сива 22522524 ем 42 МӨ» نمل لل‎ мАЯУ 


^ 5. e - : 
. ات له‎ ser > failure л 202124 hon 


Е = Eeu 2 e. PES 


“4 صؤور:‎ Ьу А) А luz хий ЫГ iif 
Deformations JC «Яс, ly سل الا‎ 1201 еее CA ЖА ميري هذا‎ 4 
A cracks 


(¿ay 222 NP ур, 


| (2 Compression іше = Brittle dure = Си ен аке 


= сме Reinforces Section. 


( Conevete Paule Pret 


сме лам اكد‎ apum JF (ғады, ) نهار‎ И + 


" و سرت‎ concrete А JE as ЛЫ) qu 020 


[аы срба fens | 


Є; = Crus snas 


Е;< е 5 دبع‎ 64/1; 


Tatiel “Таке No Final 
failure “Time dure. 


Le eS У یکین الشلم‎ Lia ав يتنك‎ ә 


» ۳ . О 5 
сы» дом tly + pe 2 


8 Balanced Section 


( Concrete X Steel Yields Simultaneously) | 


P, Lt 4 و الى‎ == - 


2.85 ш 


Ле) کی‎ avy کنیا‎ JU) q کیت هد‎ 


yiydi ь |‏ هب | ARS. СЪ дай em‏ وت 
AL ! 2‏ . 


„ Sections Subjected to Pure Bendin ( Flexure) 。 


ти пи t 


Es > Ey (under RB: Sec.) 
. Gection • • Strain 5 5 2۴اک‎ (инам см Bleck 


| Notation е 


cress section. 


b: breadth of 


t: tota! depth of Cross Section 


4: TWeoritica| depth of cross section from center of идол te 
outside ef Compression Zone. d=t-5tm (cover) — for Beams 


Ма.: Neutral Axis (strain з ое) ef) SAN محور‎ 


+ lever arm of resisting Moment of Internal Forces. 


cress sectional arla с! tension Rein forcement. 


: Applies Ultimate Moment on cre55 Section. 


m 


My эн s Moment Copacihs ( Мах —Ó сам be resisted (Sustained) 


by the cross Section. 


Си: a force en cencrete 


Та: Ténsion force in skel bars. 
Es 1 distemce itor ма. Fo outside of — Zone 
وچ یت‎ rhe 4 Buiveelent Stress Block. 


А) : Arex of Compression skeel ) Doubly ВА Яс.) 
Со: = а Force № ص‎ ion ЁРЕ ( Doubly РР. Фе.) 


4 : Cover of Compression skel ( Doubly Red. Sec.) 
Ад: Dis bel? сат ( D «ua ФРА. sec.) 


Е. و‎ Characteristic Strenalh of concrete C atress af failure) 


м: eld stress. اه‎ Steel ( Stress af Lower id 4 ) 


мг. 
Es 2 Modalue of Elasticity of steel E аже” Kg / cm 


Ел * Strain ۵۲ Conc. at failure = 0.003 im bonding 
в: stuin oF Àj له‎ Мей 


^ : Skeel ratio of sec. = As / thd) 
Хаах ! Triax. Steel ratio of Sec. fo ensure under RFd. Section 


Mmag : table (4-0 ECCS Де | | 


Дан 2 Minimum cket| Ratio о? Dec, 


Refer to Code 


Jimin = 


e Design of Ф.с. Sections Subjected to Фе Бөлік. 


E Using , irst P inciples • 


0 Sings RFd. Rectan шал Section 


> < ۵/۶ 


а Section 7 «Strains e Fresse 
* Section is under Static Аи ium 
ja Ж Forces = боо 2. = Moment 2 0.20 


ач ab = Sa: db 


lus As /Ү, 


Та: Cy an Ab o A8 Reg. » ط.‎ 
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Q Mu: Tu За = Cu Ack 


А My s об и . a.b (4-%) 
©, 


c 


oy Му = Ashe <4.4/,) 
ч 


| «Са; of Troblems « 
Case 
و‎ Givin 1 b, d, Á, > fea , ty 


, Required: Mu, ( Moment oP resst)a Moment сарысу of sechion 


4 Solutions 


| е Using First Principles 


E = А. fy /% Cu = 0.61 tox > a.b 
bt 
4 \ 
> Са = Та ده‎ 6.45 Г.а = o. St At; Set 
Nek = d- afa 


Ty Ја з Cy 3-р 


& Ps كاوه‎ би Es b. Ld — 6) 


Case (2 


e Given : b fu, А, Ми 


. Required : A; X d 


„ Solution o 


Apr te P15 


ST t t 


from 4. Eo A fy پ)/‎ = o AS ku . a. b (a, A) unknoums 


from ора: Му = A کال لگ‎ ) af) (a, A, 4) Linknoums 


2 equations and 3 unknowns, should assume one unknown 


ја Selution 1 2 


па Jd m معفم‎ debe 14-28) set "a" 


| Ts Tu = Са в AL Asty = e4.5 м. a.b get A, 


Check j y m‏ .1 ا 


(E.c.P Valle д—\ > Under КЕ. Sec. GD القطاع‎ Loue : лах 


ae А < Fmax ok‏ ۔ 


„И P > “тах eo The ДС. fs ner unde filed. 


a Increase d À Нел recheck 


, ۱ 
. |The solution above is iterative so we resort to solution 2 better 


| 2. مه ناب‎ 2 одите JA... 


774 л 2 ату number bef 2 Л min 4 Ж mea x ( F^. ھی‎ н | 
As 
( Try ауар, fo take A a 0.5 Anar) Ж Ы 


(1۶ = ТЕГЕ, 


1 4|2:5481 
an hod. Gt; = 5.45 Fey . ۵۰ b T "EM 


T, гъз Са. З= е5 ба ab. (4-94) ——— Ф 


Zu bsklule from in @ set d,d (check + zel) 


.. Ц. = P.b.d. ст 


M no need to check А 


| 


e Notes :- 


ba ald Z 2-10 
о” Тө ensurt duckile failure 
cA > 2.125 
Brille failure 


45 < ей < («ам 
Pe ~ 


Duchle failure 


ble (4-0 ff 


i. Table (4-1) Values ensure that the designed section کا‎ 


under Gua لیس‎ Section. 


3 Арын E Jimin -b.d x — : Jax, b.d 


k - № ams, Case : Т HL in you have two albernafim 


d x өмөн |‏ ہے 
Fe As: Asmin = Jimia bd Л”‏ اس col‏ ےھ p m “Хә іне. Jimin‏ 


d 


7 | “р 
| flat to Pb LA _ 4 / cons سیت‎ "s fo а hon 
لوک‎ Дог Sectia 
o AS мах 
РА” (Бе ж-) Et? | 
Amor = Мак 4 x 
o Mmux 


Method 0) г fies ша. 


ик и л 
Тоз б, % 72 f Ж, жы = 0 ع‎ Q Ё get Отек 


e Piia = Cu + set 2 wind ыж ریگ‎ ЯА 
Та» انل‎ s ed? fy ж их У (4- бах f2 ) 


OT 


Мефо4 (3) š Table (2-і) 


get ау from fable (А-1) 
Аы نل‎ ы bg 
We 


Relations « (болу table (4-1) ECP)‏ متا per‏ سل 


O Rmaxs rn тэ d ол ple ( (Table ж-і) P53 С.Р. 
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ы ТЭЭР? ж” лая ч Feu bd 
Be 


Q cA: 


From similarity 
d et E ) Cen + روک‎ f 
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a (UN = m = تھے‎ И 1 | 


2.207 T fa / СЕ Ұр бооо T f /% 


€. /% 


( Based Section) | 


Шыл oft (el, ےو‎ (Cmax Fem table (4-1) | 


@ Лтах 


“тах = 2.67 А get ( Hm ox) from table (4-1) 


© Tabe 0-1) в Per singly 607. Section orly 


Deuble RES. Sec. كذر رقاهر مومع 22—04 ن مالع ال‎ pes 


6) مج‎ tance of To ble (4-1) 
(13 nan © 7 max © Ro с> خی‎ a 528 هذا )روک‎ 


А Under Се 0 Section pe Led езі, وال‎ 


(2) Doubly Reinforced Rectangular Section 


0.06FR, [bc 
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& 7 &[ T, 


e Section • е pin, * Shress 2 


5 Act = 4-а/ 
. 7 sed різ Take ides 5 Jsp = dad 


1. From Static фа Фейт 2- 


О 74 = Си + Cs с: Athy / وا‎ 


a Ay [Sz ۰ وس‎ "аб ФА, 
.ه‎ 2+ А Ға о.Қ5 Fac + o,87 A, fy ----() 


® My = بت‎ 3⁄4 + Ss Sct 


х Mus біш ob. (dah) + оа A; fy Cd) أب‎ 


8 es 22777 2, A = x A, — 9 (3) 


| » Cases о! Problems ٠ 


‚ Сизе (0 
و‎ Givens 4, H, b, d, ha ; fy 
° Required : Mau, (Moment of reste es Moment Gepacily of Sakon 
e Salulisn 2 
4 Using First Principles 
| T. from equation 1: g^ Gea 
0.93 A fy = 0.45 би. .b+ A, А, 7%, gel ЫГ 


J. hom equation 2: Ма = Cutt + СЖ! 


* 245 fu. a.b. (d- 9/2) + 2.97 At, (4-4). Миг 
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. Case 6) 


° Given : b, d, Ми, ۶7 ) 2 
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( амите яар Rid Sec. 15 23574, 


4 Using First principles s- 
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Rmax 


o k. ИИ т Влав bed. 2717 2 ^ 
‚Н Miaa ЯМ 4 ок singh АГ (4 comple لیو و‎ 
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294 АМ: Ми Manas 
. зер did 
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^ 4 “ ield 
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fec Singly рг 
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. Case (3) 
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Required: A. , A, 5 4 
. Solution = 
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11 5 Assume P ; 


a a 


ы for Luki ғғ” SCC. CEA а سس‎ 
+ 4 = 4-6 28 


of fable (4-1) 
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À РА 2 гда 


: — ес) А; Peas 
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< max 3 ж < dar 
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Же formule i Ах «C Алыс. а; 
04724 797 ры ¿Z 


+ аа Singly REL sec. 
Ээ.» сиу) 


Ж. Refer to Py 


Nor we dew ہر‎ unknowns in سس ہر‎ 70205 
selve te зе! Card A А) 

uation O 
he tae 
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„ As д. J 
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Jar Өлейін Т) (бі, ЯМ. Section) 


4... See 4 


Asume‏ ۔ 


Л = 2.00645 


( بہار‎ < МЄ. Атах) 


mn = 17 = 2.02925 max = 2.0/25 
p” Af ” drs ње = otsas d 


a Tu = С, е As [yf = одб. а. 


Ку. LS в #2 o. H3? d‏ 0,45 = م36 0.156250 2,676 ہے 


(a /d 2: іе) 
e 77, = Сы kb = 0.45 Ға , Ab. (о Afs) 


75 < ЈЕ“ g о „5 < 259 » ۵/77 de 25 (d .. 0. 284754) 


2 ? 2 
ё 487.0 d... AG = ہے‎ Jo ° 2 Sx 8,52 съ = %2 От 


„Де Mod о.оо&25 45е Фо = 4.003 от می‎ (4 #22) 


Жа; 4 Мах іс aci Сямі Ж Гб) 
Zable (:4 -4) get J man = юе 5ا‎ 


наа = mak bf = 221266 257 до = 20,105 ст 


2 То get Унах 


Меко O rsh ف ا‎ 


Te = (и 5 میرم ۲7ھ‎ ж 20426 = од5ж 250 «26, max 


Миа 2 بر هو جرف‎ 21124-25 (Фо. 9439/2) = 45-48 т? 


Metod Ф Table (5-1) 


Table 5 —i) бох = ol% 


, į 5 e" г 
Мх 4 Я ах ; м z 0,79, #4550 + 45 до = 65.3? mk 


La ins 


( 7 KM. Sechin) 


б/е 1 Mu 54, Ки ر‎ бо о 


Mey: As „Ж ad 


4 Solution ٠ 


a Assume ee (ла < t < лак ) 


(/-о) 


. Jina, = 0.965 Cable 2-1) 


on Å= Hbd = 2,225 d 


х 
£ 5124 oct Ay = одб «250 Ue 254 „Те ок Ls .. 
© Ми: CX + ls Sp 


4 754)07: o. 54 250-0. 25+ (ZS 072), 2,82 A + oo (ds) 2ج‎ 


` N 


Р ol = А ЈА, „5 Жұ: AAs <> 4 = 2.2 хээ 2 


° ЖЕРДЕ o. 2754 — (9 


Cubs. Prom (3 4 2 їл 2‏ ۔ 


$5 °, 47 х ?боо ж sad „ 0.4.5 X 250 X Ax 25 + o, 87 4?боожо, то. 154 


~ а= 2/7 4 


ھ2 


„ Subs. from O у Bud) in (2 


& 254/05 = o AS + 2504 7 к 25+(#- 2.0080) p «8 жо ےووہ‎ 
* 76 oo ld — 5) 


бо Ан, 


2 2 
o» 756107 = 267.134 + Ah 52 0 _ қый ed 
e 9/3.754 - J, zJ ФЕ? жесе 
ے‎ {= 44.843 от یم‎ dz fo ст 


e As = ال‎ dbz 0.2239: 19.15 от ше (64822) 


T = 0.4 Ag = одо ۱۲,25 = 70т ик (haig) 


C. Section 4 (рай, RLL Section) Anas 2127 
( Dowdy) (Dosb 1 


fable (4-1) 


ыма 212312 HAG ст‏ ۔ 


Smax (1- cc) 


lor Dass Ref section | 


^ 5 : 8 2 
4, يه‎ ° ЖЗ, ЖР = (4.534 Ст 


Hmm 


O Method 12 Рур peraje 


From 7 (0 J Жау = 1440 Umax 


° Орах = 24.56 Ст 


trom 2Ф 
L = бы ЊЕ + ۷ 
M 


` 5 
(так = 45x 450 + у بر‎ 25+ (Fo - Фл ) + سے بے‎ (30-5) 


бы іе 2 Mama 61066 mt 


@ elo f 2: (4229 Gode айтп) | EP 


Грима = [ Raa: би e +اط.‎ А УБ) G4] 


ше a Ма = 64285 ml 


Question 0 EJ 


( e ) using the idealized Stress - Strain curves shown in figure ( | ),Calculate 


the balanced reinforcement ratio ( hb ) for section no.(1) given in table (1).as a 
5 & & ~ ~ Е ~ . ” 2 
function of fy, and f, If the existing area ot steel is 45.0 cm and 
5 ай 3 2 ЗР "T. 
fa = 250 kg / ст and Е,= 3600 kg /ста” , check the mode of failure for this 


section. 


10461 Stress—Strain curve 
Ideahized ое 
For Concrete. 
مار‎ eh 


Fig. (1) 
»Solulion. 


Сси:е ter 


Ey =a 022 


Shain Stren 


Sedten ) €,:€4 X Cy = 0,002‏ ھ7 


a from За dhot trian of 


Е. + 5 0:904 + 0. 567 


o From Fou librium 


о. Py к ^s = 9.75 Ск А ж b 44 f bå 


5 Ма 0.46875 (fa/p,) 


Sections (Y, L, Sections)‏ 2ع 


e Definition. 
. Te RC. Section is regarded T-sec or L.$ec then 
The Ру Ра F (Part contains slab) /es صر‎ the а سی‎ 1 Fone 


eF lenges Sections are usually Designed singly Reinborced. 


Es Y Es 77 
Stain 
4 fian Equilibrium Conditions š 


0 Си = 0.67 Ға/ұ . 4 ‚В 
2 0 Shu (f, < 4.۰B = Аб /% 


IY], = Cu " Yet 


sè Mly- “Ұш. (4- а/:) FE ин 2 


298 ~ | 
кеа ` neglected 


Ч | 
一 | | 


Section 


‚ From Equilibrium Gnditions 


ly = Tey 


2 ob? feal X 


Си. Set 


2 Pas 067 м/ф. В.В. td- 5/2) — „2 


„МЪКА i- 
. Jn Gre (à) 
The dph of “hab shud Block (a) ۶ < ts 
( Flange Huckness), So this section will de designed زس‎ 
Ээ 
Ln A ЈИ 
The оёой, of egui valen! hen Block (ху is >t; 


(Flange thicknens У ‚ including Fart of the section web, бай 


ж. CP. allows neglecting of ин и in Bis web 


part Сыз Flange кор LE رویز الط كلم بم‎ ( 


efus X мах for 7-Іс + 1 Јес» 


г Same Ме lut of Rec. тесе»‏ وکسا 


Rom table | (4-1) ECP Qet Cod — на و‎ 


ma 


IÊ аа, LEs (Rec. sec. with bread B) 


5 “ (д-=1) 
ds < / тоқ 


A max, > Es 
ن طهر الم‎ UL Ш, 


Ч А جمس‎ 4) 
4 Ay Селера) сара УС 


2 Pract 9 A; - 27 


Лес. • 
° As win 4 179 for 74 ka 


. буд, Jin . b. d 


. б, тох 


tm ЈР Umar < Ë 
наг میس‎ Ds d 


2- Jf Чтах > ls 
s سرن‎ b. 4 


Ф m т 2 T т 


Asp - ә Leu .(É - L) Бек) 


Апак : Table (4-1) ECP 


Given 2 A, а, feu, ty , 5, B ts 
Required : Ма 


. Solution . 
a Solution O Уу V 


. дите а < L; ) همات‎ (0) 


245: а. В = 087 fy Ag get х 


axi de Valid سی سس‎ 


~ Pla, = Cu Yop = کدھ‎ аа В. (4 ap) 


a> Ё, E Invalid omumphion 


` Apply que 8) ( Neglecting Kesis kance of web part) 


Cu - Sep = oS fu- k TE (4. 5/2) 


pm as ds (сме @) 
: Oy = еее. 2.8 — 4 таг PAM 
X ¿ Vale! سض ست‎ (a > х) 


PT us 2 Lus JF т 0.45 fea. ts. B. СЕ А 


I а Ру 4 Josh. eosumtion 4 pA Que © @<Ь) 


5 б; Ta 
à 245 да. B = 2.83 BA, gel а 


+ Ip. Sof 27%. .ينا‎ Seb = 645 Ica e В. (0а) 


- Case Фр 
Givin г М, 8,.Б, fea, Py 


Repaired : £ $ 4 


° Solution > 


(apply сме 09) 


2 2:45 ftu. ts . В = 0.83 fy Ae get A 


x Mu = Cy. Set = 90.45 Ruste В , (а 2) Set of 


Check  #einlorcement Ratio (М) to рит under ہام‎ setem 


ЖЕ Z= (Сале В) Ж Jinas бах ‚ fable 4-1 


жа > тін Z not: use бон 97 ЖУУ! 


y^ : ай Фе. Коп. 
min 


ЈР Гах Increase 4 
Mu = 245 ћи. 8.8 (4-4) де а 


а Си т - 4 "45 баса. = 7ے‎ 4. Hs IG A 


Recheck J, with /тх 


Clearly this is an iterative solutions that is not so good. 


а ана (9) илэг” 


about 0.4-0.6 mue(max) for economic considerations, most 
8 Assume Ғы бе more than mue(min) 


„А: 8. 2 A: Mbd ~ A; Fld) — P 


> @жите ас ( сале @) | 


ГМ 2 !که‎ 081 ДА, +. As: Pla) 
— 0 


- от Фа 2) 
Jet qs t(d) a Q 


e 


ІР а < e.lo 4 
СЕЛІ 


M use Amin = кіш) 


77 а > 2.12 4 ok 


5 МУ = Cu. Sct 
д Mu: e4Ska.a.B (4-2) — وم‎ 


Subs. арай Ө) in D get 4 
Jom #09 . Р а 


P Е SEE دعبب‎ Чы سير‎ ЭЭД —— а.“ s. 
/ — A4 


у 1۴ a & (Velid سس سے‎ 
"ul ға ع .یس ساد‎ a. B- ind A 


Ji arts 5 Invalid caution 4 apply cae © 


١ 4 Cas hy 52 “АҒА, Be IIO 


7 Sah equation 0) És 0 As: Abd | de 7 | 


pe > аа, —Óy ج‎ 
—— >» وج عن‎ 


Сале (3) 
Giptm : Mu, 5, B, ts » Ја, 17, d 
Reg. : A, 


( very ут тей CUr ) 


Solution, 


CLH UIE а < Zç 


( ago سی‎ @) 
Cu: Те 

‚: 0.45 foe. а. B= 087 Ly Fy 
#و‎ (ia) 


y ںا“‎ = Cu. Set 


4 М, - 045 u.a. B (4-4,) 


ас a 


Ip 
ر ب‎ a ИМ ہسوسو‎ y fe As 


] 2 
/ AX حر‎ te 4 faza f سی سے‎ 


4 7 Que В 
. Den 7 fo 
| gel fo check М; ¢ 
— سید‎ 


e Design E. مه‎ С. Sections ال مار‎ Te “Fare Sending + 
x. Li sing Design Aids 
Q Singly Reinforced Rec. Section 


(Chart Ned 


- балы ыл» 


get u> 


Re Mis (aad 


"o NP. A de e Lem 
لت‎ 


А Çolutien • 


Get 47- hu __ 
fu. b. d° 


for фут 36 جا ده‎ 


LJ > ла (Rmax from Curve ضر‎ Rmarco ll fr 36/2) 


n Get wo (юу mut be < max) 


wd, دی‎ 


Ta If R > Rmax (G ~t) مرول‎ о» COYNE M [PTT | | 


5 Зи gH section із net enough 
Х use ог ааа Skel to ensure under RH Sec. 


% Go te indi бь 0 section Curves 


Llsi " the Cal Cu lated Ф 


© 


„ Case (3). 


Given : Ми, رط‎ feu, FY 


Ка : А. d 


. Solu [ion © 


Solution 0 ажате С = گے‎ ре for Beams SS 
ج پا‎ 3 for Slabs 


Gt de с | СБ м 


а 
V а 5 


š (actu al) 


Жек УЗРА Qw алдаг, АЎ = v (k5 =< Dynex) 


from Cuy we و‎ gel R 


0. My /Ra bd 48 d 


or — Curve 


| м 


26. + әз fl: Fea Fa 


8. 241 cuve (cht №4 Фа) 


4- Ci | Mu 
fa. b 


» Canta of Dre Шет , 


٠ (ase 0) ٠ дима Ed L, ИУ 


Req . check Mode of failure 


éS olution- 


get Ci 


| fike farh 
cheek (с/ Дан = (ел) =< (/4) хх to nsure 97 
ай” k سب‎ | Curve 
from 


Curve 


1۸ (ай) > fl ras : brite adure 


If (c/d) < Ce min ~ UN 6 ٤۴ Әбул 1 


+ Cage 2. 
Given: "иди „В ан d 
Reg: A 
4, ° ` Salution . 
de: 2, н.ж Ми gel С, = а pu 
Да. N Mu 


chek ) اكه > سا‎ > нан! 


trom Curve зе! ( c/a) 


from Curve gel T سرب‎ 
«ТЕУ 


Po > = 
> use 0 RPE ۷ Go fe doubly anf. 
(4 Sop مق سم جعب‎ 400) 
2 < min 


جه 
amen‏ 


ше cif, re Ј 0:826 


(45 die می عم حملن‎ at's) 


tt 


Given; Mau, b, foa, 727 


Reg. , A 4 


° Sohation e 


. IE cd > (94). :. Increase d X recalculate. 
4 ЈЕ cfd < (LD) ш. + decrease d х РИ ЕР 


or Take (S منم(‎ — s X وہ ٭‎ 


~ Doubly EN seek Rec. Section 4 


i. Chavis Ne. (6,7 ,-, 9,10) (accortina бо fy) 


(25-20). 
m 2 345. Kolem ше Chad Me? 


ж ото еп of Here Charts 3 ЖТ 


x Ne игли take "AP о.о 5 for d> وک‎ em иж 
š (se si وض هزه‎ ) 4A sola for í< áo ст 


. Фөд/” fe we Curve 


Point oF comar N Rau 
(сс 


— 
37 
5,908 75, 294 
Ран 
i= о. ] 


abd Жа Pes 
3 | 


A, = & th 


i) mex 


mer ë Snax or با‎ тик Directs fom Curve) 
La (1- =) Жж 


Table (,-1) 
S.C.P 


Given: ha ty, رط رك‎ As, As 
Keg; Ги 
5 Solu ion 


= wbd. feu / 


"EN „ № аа o oT 
deu. bd 


Фе ku, ду 9, بر ط‎ 
Keg : A, мы А; if needed. 
satus. 


Mu 
ыр 


Ass ame ol =0.> > R =‏ ۔ 


и RX [L— hort M. 1 5 


max 


су“ fron chart. 


A 0.0 


P ку Ñaw “Ue Compresion ее) (o) 


for ex 


you pave buo ети 


l- arume ОС = о./о0 — 949 868 
or ж” 
2. Кос сетне, ; تعالله‎ гг’ „КА! 


> 
сбзезе Le e اولك‎ 


(А 2 مه تطعا‎ Р!) 


get GO < Vmax ( if mot inertax ~ —o.4) 


Z 5 co bd. 227 


Ginm 3 Mu, b, гү 


5 


Reg : 4,6,4 


. Solution . 


.Ййите K zelo—e.4o (ЈР not given) 


2 Assume а (Cures БМ Werderi пудел La 


77 од < Wmax 
sh wbd Ра 
As = хй; 

JE СО > Imax 


2 Increnze سی‎ + recheck 


| ا = | 


« © T-sec. 4 A-C., 


в Lhe 8-1 Curie (chut "2.2 АД.) 


at lw. “Улсын رسس‎ Res. Se Саб. اد‎ gue 


fi 


۱ [ls 5 тег of b in egualions 


2. Men you дышите С Аэ 3 for T4 L See, 


=ош,‏ 20 م3 
muy‏ 
+a <— (с) [use cminid if c/d is < cmin/d‏ © 
min‏ 


А.- Jou murt check d < К or a > ts o 


2 


Get (9/0) Ры Curve d 


Known 


ІР а < Е; Get J. 


— 3 Le 


= SS. ( charts 3157 лә!) 
fy J.d siis 


„бел Noles on Cant. 


наа 


pe R- curve ( Chart М. 1) 


Жоға = 2.729 
Сток = 65 


| for fy = ده[‎ kg مو نک‎ 


G.J. tm ( chart Ме. 2) 
C, > 4.90 
за < Tels 
(eld) = Cold مد(‎ 
a Te аж 
ن‎ Ve ОШ саме d, 538 AT ғ 5 


$0 عاق‎ Spee ұш ай», E.C.P.: аә (4-1) 
مہم‎ Tahle 


СМУ y Ro 
„Хай Fy = 0 Rmax = a = 2.12933 > 
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e ULTIMATE LIMIT STATE DESIGN METHOD « 


‚ SOLVED EXAMPLES . 


4 Excomole 1. 


For the Shown Ф.С. Section 


A, = ф!% , feu = 250 Ка /от ‚ Әу: 3800 Кут 


.Itis required to obtain t- | | لكف‎ 9٥ 


+ 
1. Moment pacity of this seckion (Max. moment could be sustained 
using given depth x Keintorcement). (Mu, or My) 
2- Мах. Reinforcement could be used in this section & the 
Max. moment Corresponding. 
.Це Ве prices lo 4% requirements . 


e Then check Solution ан design bid. 
\ 


«Solutions | 


1. Usin first Prin ug lec 


Ecu = с.со! 


— 


Section Strotin 


‚ 1. Moment acit (Ми) 


. from equilibrium equation с 


= Си = Ta 4% کب .ه‎ ол. ۵. = 0.37 fy As 


OAS X ۸250 + At 25 = о.97% 3600X 58 ^ 02 И.З, Om‏ مه 


= Ми = Са. Ја 2 е; ЖР У et. b ç (de пу) 


AP: ө45%250% ۱.3۸ #25 + (65- ИД) = 18.723 mb. 


e de Но moix X j = 


“бие Ве (Жо) AGE 


/тах = 7اس‎ | 4 we o. (94 


иа А; мая = pow Яд 0.05 25 + 65 = 20. 425 (т. 


(3 6/2) 


E 


Х Маҳ = nar: i diu s 2. (ЧА. x 259 ۳ ۰۳ 34 15 mt 


һ5 
eAnotler МеЙо4 to gel Гая 1- 


| 
° Cy > Та 
ДА 2-25 Da. O маҳ . bz o. $7 ty تس‎ 
= o AS х 250 + Фау م‎ 5 e 2,42% сөж 20, 345 2 Oma =-22 60 


۹ Pina = ыр. Jel = 6.45 а. ділі , (d. =) 


e Иных = o.49«25o0x 25 ж 2242» (es. 22.42) т $4.15 mt 
2 


1. Check using Design Aide 
1. Moment جح‎ ( Ми) 


sking (0-2) Chart №.1 


А; = wbd 227 д lol? ; ده‎ + 454 65 ж 259 
fy 3foo 
so Wt 0.09 2 CO max lidmi = 8 for fy эг ) 
GD шӨнН 71 R = 0.014 ( Sure < سے‎ | 
5 2 
R = Мике | on М = 8. г A 14 
Ды | 42 u см 


„МЦ: 2.030 #256 # 454 65" = 19.00 mb 


———é————————— 


E Asan 4 on 
. Using (Р- со) Chart 
Я тах 2 2,12 ( for fy = 7622 А Л) [ fram Chart мэ table Lyi 


72 yee Asmar 


р 
Rmax chart > max = گے‎ 


5 5 2 
Аа“ Өр Б, із. 242545 x 259. = 20.5125 om 


To Jet Миих 


Ммаҳ 
ha ۳ 


Rmax 8 


2 
A P МЕРЕ — тах ۰ Poa: Ыы = 2/29 х 350 215 #65 24.06 yn 


Example 2. 


for the Shown ےم‎ Яо Mu 
foju 250 Ky/om fy = 7600 kq /om' 4 |t 
As 
b: 25 ст Ми = 30 mit 
ГЕ 


It's required to Design this sewn . using first priciales 
Ші A ۸6 
. Selulion - 
1. Using first Principles 


. КУ а are rewired. So: дите Л 


pow 07 = 000306 2 Алая = mollo ( table (4-1) 


~ отите Ғы ooo? 


6 - o.oo7 x 25 4. ad - О 


from фийишт Гифт of Sehit 
T3 


4 2.45 Feu. a. b 5 o. 11 fy As 


dx 25 = 6,87 к 2 а(-1284)‏ 450% 45% .مر 
mco а (a mold 4 ФК)‏ & 
(ІР not take dens el dl‏ 
Mye Cadet = өд аа. Б. (de ел)‏ ۰ 
Ми = 2:45 # 250% o.194,9 d'a 25 ҮР 2.19499)‏ 52 
.2 

5 4 3 2 

a 304/0 = 58.1504 -5%ыуа = Аа 


5 ds FG dm take Ё Po ст 


Subs. in ey D 8, = 2.1954 - 21735 «Зо = th Ont (é æ 78) 


Using Педро Жос 


Assume 23 = ۔‎ 2 (wd max) 


R = 2. 074 ( сате < Фолех) 


5 пиала : d. 28,25 om take 2-60 слм 
Feu. b. d 


5 
o Oa e 308 = 5 з Rect CH, още 0.034 
250.425 4 08 


es bd. fu оу, + 254 مع‎ Х 8595 = 13,056 от (4215) 
R 6 
اھ‎ 


3600 


: Check } (Мој necessary) 


E % 3 (very Common in хат). 


For the Shown P, lo Section 


1. Get Reinforcement Stel f 
و‎ eDetermine the тах. RP, 2724 


x the corresponding Maz. moment. 


feu Aso КЎ т” 


(use first principles y check usag Design Ad). 


^ = foo fy lem” 


„бо цел» 


1. Using first бурна, 


Section 


“ 


g- 7e gel Ag 


АТ? 


s Ium Coui 177777 Вела аяг 


4 Cy = Tu 


деј Feü a.bs o. $7 2) 8. 
„А5 к 2808 Иж 25 + o 37 p oor As 


а Но» ef 9 


My. г.в fuo. (8 -ау) 
Боо? = رجف‎ 250 а + 25 (95 - %) 
Бож ја? „2411815 а = /40645 a | 


за 1909044 3555.56 2.0 


4 a= 21.045. ст (а: 2.22 melo zok) 


subs.: гл e 2 ce 2 = + 89799 x 21.0, = 13.89 om (5422) 
Check P (5 #22) | 
Fe fs a ET o к سم‎ 
ü bd 25 «75 
pw 29 MT. لا‎ max = 2.2126 > ФЕ Nx 74 


1 


2. To . Jet Asmar X мах 


Als mes 


Bars Jer В. пора давж Ёё» 204175 ond 


oo a 5-7 Ea Amex ۔‎ Ь- 2.37 «А A мах 


oS £ 250 k Omar پر‎ 25 = о. x 3620 ж 29.6875 2 Атах = 33,94 ст 


Г. Ши Dess Gils 
i- Reinforcement А 


š using (8-6) Chart 


&- Muri - Soal? ___ = о.099/ 
Lud عر ےک75‎ 35 #95" 
`Ë 
مه‎ 9 < Rmax (2.119) 2 Continue VR: Me =i ЖЫ й, 
g _ Curve О = a.ll? 
2 Q= соба. feu = 4.207 om ( 6 22) 
J 


" C Beck был Porcement Ratio и 67) B" d 


Pi As 22.8 = РРР гў 


bd 45x95 


Млах= 2106 М И< Мах A ok 


J min = 0.00306 


Хэ» As лал X тах 


Я « Унах bid = ө-0125я26 #95 = 49.6975 ст 


Smax 


" | 
Fraz = Ж mw. سط‎ bid 02144 AS OK ASH 95 = 12.74 m.t 


2.129 from 


Curve 


„Бащи ۰ 


„ For The с он ғ.с. Section 2- 


Ils required to get Reinforcement Steel Mu Ë 20 
le Suskun Plus бо ۵ 


~ 


2 
本 -全 一 一 本 


.Use First principles to Je Requirments . 
қ Emphasize your design Using Design Curves 
„ fey = 250 к/о Р [у= Збор kg/ om 
- Solution. 
| 1. Using Arst Prin ciples + 
+ Assuming Singh Reinforced Sechion (X= o.o) 
Rmax = о, 194 ( thle (4-1) ECR) 
қ бад. fou. be d = 45.41 та. 
Маи S ГМ 
2 Invalid amumphon 4 we ned бл 


Steel (A) ( Doubly Reinforced Sedion)‏ سیف بے 


Hint > You Cant Increase d` 


‘ Doubly rd Section 
айел 0 


• from Аја ит Сол сме 2- 


Tú s Gy + С 


2.57 А As = 2.45 Fon ‚ а .b 4 2-87 ty 72 


— ۴۲ «X = о. = 2 ov. 8: = o. و6‎ 
5 


Subs. in eq 0 


№ of 26004 Ө; = 0.45 #250 ках 25 + 0.87 ж 3602 X o. As 


? 
ee 


a z о. 6682 2 &/ Я, = 1.476 а — D 


Са Ча + Cy Уа (subs. from eq 2) 


бож 10° = eA5 + 260 > а x 25 ж (15. A4) + 0.8743Ç00X о. 4 ۷۸۸۷0۵ 


fortes = 210431-58-- 14002502 + 13193.24 а 


Де (Mid-Term ۵۱ 

» 
„Ре the Шот Ю.С, Section:- M, / 

Calculate Moment pacity РМ of the sechion 
Using first principles 4 check Solution айу, \ 
Design Aids. (Ки = 0 Kalom ) БА 3600 Ky lem’) 


ы Solutions 


ls Using first principles 2- 


e from equilibrium Conditions 


х رونا‎ С; = Т, 


248 би ad by 083 fy 8; = о87 96; 


0.45 х 450 # а х 25 + 83.م‎ + 36 00K #۰ ۵6 = 0.87 Х 3(00 x 263 
(ref need) 


2 da 24.44 т ` (ада 23.41/45 = 5 > е.) док 


— 


x Ми- Си. dh + Cs - Sct 


My = 0-45 Es а. ل ). ما‎ - a4) + 7 А А; (9-4) 


& My = 2451 250% 22.4 + 25 (65. 224), 0.874 оо ж Со ж کا‎ 5) 
A My = sad rm. 


is Using Дейл Lids 


e Using 0 2) Curye | chark 9.9) 


5, ۱ | 
ь ОС = а: = 00 = 0.444 5 X = 0 | | 
а. 26-70 | 


Ase co 4 fe 2 262- سے + £5 058 یتو‎ 


% >= о. 23 С ак ОҒ auod) 


0002.1 + forjo? 0 


2 f= (4.04 Cm (а [4 = 2.25 Del ok) 


subs. in e get бр 274.45 wî (4225) 


4 й, - ہے = 46ہ‎ аб = MWK (ФИ) 


и У 


| « Check Reinforcement Като 2 


= As ۔‎ 29.4 _ = 6.91508 
/ bd | 25475 ш 


Дни» Шы = 0.00806 ==. SM 0.04085 
(l-o 


J nin дай 22 OK 


Solution 四 


Mu — max т бо- 45.4? = 14.55 m.t 


(singly) 


- Aste (dod) x masta 0). 65ж3%6 (75_5) 
ðs 1.15 


~ 61-442 от (Ад!) 


с а; тих b.d- 0.05 x 25 + 25 = 7 ک3‎ ст? 


max (singly RN) — 
E 


Oi 285+ 8,04 = 31.4775 ст 
(2475) 


- A 
5 C Doubly ) سس‎ cla) T 


Же ӨС . Behe 4732 < ok ~ OK (Та check | 
А, $4.5 (Л be ok) 


7- Using لے‎ ДА 


Lising (40. o) Curve (Chart ۷۹ 


R- ۳,۰۱ o = о lo? 
Fou b d° 


% Q > О тах (0.129) we For (36/52) H,G.S. 


д We need’ ин шиний shel Ae 4 go № Glow] Мо? 
ه‎ Chart №.9 


as 2.13! EL i „ fo Cs 2.3 ۵ ده‎ < 0.03 
(minimum 以 ) 


6.- о. Ам, 22.94 om’ 
fà کے‎ 


AÀ a «а, : 0.8 я 29,34 = 8.482 си? 


„То- eck solution © (Бей рпасре-эибар Саги) 


p. ще Curve tis 0.21 
оќ = e. + 
& He = bod fas - 48,125 от ок 
4 — 


A- e.k ss oh ЭНИ ст oR (check Л (IIl be of) 


e 6 


سح 


Design the Фет Section subjected 


lo My = DS mË X (Ae = аад 


° Using First frincgoles. 
5 Иста pena а 
„Да дво kg / жт . fy = See Kalon 


. Solution . 


14 Using First aes 


sun € Fi Н p," x P < mex 
CI 20) 
Леко = и/р, = о.о230о Ё А Жатақ. = -2.2/25 = о.о 1399 
3 (1 е) оф 
су um € = 2.912 


И: w. го Ay. Hbd 2 — T4 2254 


40 


бо а, Яж = (4) 


2 donat 2 «дт а روط مه‎ ç 


5.8? fy As = әле dey, sib + 2-8? АВ; 


2874 3600 fs- 2.45 + 250 ۸5ے پور‎ 5,8? t Keo rolh 


subs. from е Ф 


5.33 36004 2.454 = 2. 5 # 256۶ ہے 0.274 + 25 يو‎ ad 


x Му = مه‎ Jep + 6 Ja 


A 125105 = eA بیع پر کچھ‎ Be (d 82) + Бұға 85-04) 


| 
ха ”ТЭРҮГЭ” ЭРЧ”: Га > al d док) 
subs. from eq: (2у + 29.0) 
od 1254 گور‎ = 0,45 Х25ож 2.25 d i25 ж “= 2.254), „#7 бе nos م مو‎ 5) 


2 
3 LS KIO" = 693.530 _ 29.5 d 
2 
A d - 0.54854 — (902373 20.0 > d- а Co 一 


Jake de 135 om 


2 Oe = 2250 - 33,75 om (IØ) 
de = دوك مرو‎ 3.325 ow] (29/6) 


ғ ۱ 
X. Ui Dem #4 
- (ад (Ро) Chart А, $ 
له‎ 


Яш d = до ст 


eb Я - 013125 > — (of о-в.) 


5 
8 Фи = 9445 = تقل‎ - а d= (544 ст 
(4-41) 550425 d 
Take d= До cm (7e $} Жж fena ) 
| Сото!) 
f= «Bee Surve eg = ай 
= ه|. ه‎ 


Нэг be. Fe 5 24.59 cm А; = olo Ё; = 3.48 сай 
7 تا کک‎ P d ILL 


- Nbles- (Aot нестао, ) 


Jou fam Lo check Ға here (УС 62 (ai) 


Л- %- = 2.082 > Хаи X < так 2% Ok, 
2 bá (1- ж) 


t ا‎ d RB a 


le 7. 


«Вар 


„Рог Не Shown  &C. Section 


Calculate سے‎ First principles тё 


Я ж Moment => of Section l My) 


45 
2 • ۰ Moment cud be applied to the _ 
/4 | 


Кит 250 КЗ Jm 
Section X Max. corrosporing (дела). fy = 3606 Ка Дт 


e Solution • 


€ rey 
Ј 


Section Вадя sirem 


a ram ¿dui Ibn um Condition ( 
x Cu = Та 5% a 45 Гол. 0 В = 2.57 Py f 


2 كباءه‎ ۷ 250 x 0۷ бо > 0,83 #3400 y 4 х 3ب‎ 2 A= 4.82 om 
А 


гос Valid سے ہت‎ 


ald = 0.105 Z e, > oK 


Муз ба. Ye.‏ ے 


ГЦ = о. 45 Жа. ot. В (ај ал | = 2.45%256» 452749725. a4 ^l) 


е МЫ: 37.80 ті} 
2: бояу بد‎ Mma 
(94 m = o^h (Table (А-1) 420864 . Сток 8.6 Ст 
4 буду = of Cmax = 22.8 > پا‎ 


/Г 
ae Эрэн 11 related fo 27277 


Аспен = Jmax b ГЕ 9.05 z 25 X #5 = 20,8125 оя? 


о, 45 са. ts (8-5) - 19,75 т. 
087 fY 


00 Ae iy = Asail жас + Asp = 42.0845 тї 


Max’ 


Method o 


C, АС; 2 Tu X Ms C, # (d— АН г, ГА [9-6 = (28:40) | 


'. Gel | dmax 3 Aer trom Обр Ла 
or from Стах/ | ( refer fo јање 29 
Z Д 
Мах л 2245260 Z [o £O ۴ (85... 5) + e.G $$ 250+25 x (22. Ёс lo) 


«|6- le – سس‎ 


max 71,4% т‏ وه 


Nl, ФМ 
چ‎ Asp 
(4-4 
+ 
اس‎ ag —— Pt 
¿as 
; 2 
МТ, = Ктах , Га | bd (баш table (4-1 ал rec. ) 
7, «с. 
4 Th. es HR 457 x 25 x 2 = 22:15 m.t 
15 
م‎ 
AM: Ast ” = (2-4) = 1%75% 262 (45-5)- 37.0% mt 
45 
کس سو‎ ey’ е 
Tu, Je 


wl Tene x = Pha Де SA گال‎ p 52.295 = 71.225 mt 


Example 8: | 


А То г the Blowin 4, Га Хе л 


Calculate M A ) 4 


A Using First Principle» 


» ы, عند‎ л Aide 


г боји сеп و‎ 


lo Using first principles 2- 
— M ——— yx— ov  1JD-.A-3|a-32a2—-— 


MAAILM € H = = се 25 
yl 
> Me 5: š fs = сат 25 = ,,4954 
/ Ld. Ра 
. Assume: ах و[‎ 
7 <= Ти اله‎ 2:45 foua. B- o- £7 А, Ag 


3 0.45 250 хак 79 = о.Я7х 3600 Й; 


љ бұз 26% — 2 


& from 040 


Е as aot d Га = tl) 


5 take ањл = aed 


Ч, My = Са. Set 


32 хо”. о. Д5 + 250% o.10 + (+ То (d. 2.054 ) 
~ d= 65.0 оя take de Yo om 
dau = Тео om < By o a Valid жар. 
Subs, im ا‎ @ (YIN) 


As= 2514 min = 175% ом 


. (6/4) man = ©. АД, ( ta ble ds) ae Crax = 30.3 Ст 


de Алау: ۰۰5 Cray = 24.4 ст > 


РА 5, бы = 77 ol а Jimin ( ,و‎ 00306) 
bd 


2 9 


. 
эм 


4 نخس سے‎ ей = Pont with ہار‎ 


A, = бє» Asp - 17.58 2454250 واج‎ (72-25) 
ш (fy Z) 


е A = 2 
еә Bol = le 5% от 


д 24 ۳ Е 
net = کے‎ = 2.000} 一 MAX 
ЭЖ 4 Vi { 4 
me m ہس‎ (2.0115 ОЕ Др — 
с 4 1/4 7 у ГА PLL orf 
on ек pe JLU (071 / ( Md er On 
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• For йе shown №, (о Je on 


Calculate : ۶ 


222) Жи? ларға 


e Sin; ا‎ AX 


ofulton e‏ 5ه 


1. Using First princi les 


аљ ۶ а<Қ 


- Доп бағыт Conditions 


х Мыз Си, Уа) 


- 


= «лей, d CAR 
4 зове = 5يدره‎ +260 + OR 4۵ + كنم م‎ 0.54) 


30¥ 107 - 438750 a - 3315 а 4 4-14 т < L4 


“° а< 1 és м.” оташли teow 


a > el з дк. 
فى‎ 2-8 


e, 2.9 Ка. a, В го ГРАД 6; 


xo = 0.17 ж 266 As‏ 2.44 2504 + 5ہ 


Ж : As 2 00096 > Ja ФК 


Cmax = ohh 22 Amex = 22,58 om 


بی 7.04 _ 75 ORIOL‏ 35 رکه А = Asp -/%ео-‏ = ای ول 
3646s Z! S‏ 


: " 
Же = бі... 0.060/85 = тех ( 2. 0/25) 


Ме Fe 3 ТР буур = = 22 E < | ВР 


ГА 


f Ео 5144 fex ел Comprei) 


/ VA GE برع‎ ے٤‎ 
/ / 


r 


سر 


3. LI sing Design Aik 


е / =. (о, = 1! Cure ( hart м, 2) 
Mg x Jo" 5 Zu. 8 
d= С, Id 2 % 6, -4, “рээ, 
A C, = А. 0 CU ا‎ ==: с/с со, Др 2 IE е, 52 
cA > (аа X (CH) < (UP мах 4 of 
(с) = eJ + С: 9./ om М 02 ۵,8 С: Z. 26 m 
(а sotd ok) 
а 44% % (456 equation of ut. 


Же 


‚ Check Fa 


$ 
Mu k /о /5 3 эт. 


٤ء‏ و 


ныг Фе Same Method af Pat و‎ | 


ке 


МР 2 /Do 


„Јер the Shown Қ.С. Section 


«Calculate 6; шеф Firs} an mi 


е Col hon 5 
» In bhis X section the web oF лг уу compremé 
by Же moment, So we oaf with а Sedia о 


£ 
el кес [алуы ct sechim LJ; H brea 7 07 2 


Мах’ = Amey + Сара b = 45, А? m. 


۵ > رووا“ 


2 № Cen سے‎ sethion ہے‎ np Же fe, 


Г. 
а on Zquilb rit т Bad trons 2 


х Cy = Tu 


aS Peu. 0. z ره‎ 87 ۳2۷ Els 


oS عد‎ 25 ۵ жа ж25 ced? hy =, 


6); = ہ١ به‎ an (1) 


3 
оо 


# Гї сэ бы Jet 


я ts BF Bowes Bs Ë (f-af) = 40 4/0 


5: 
0.95 FASO ot 25 (25 0:50) = Ayo ء٥‎ 


в, = 
210337. > Ol = HOL REA = дож? 


47 a= 22.27% Cm (a melo a ek) 
x Check (eff) | (sine My is near te Mma, | 
СД - ۱. 25  /ل‎ = ө.22/2 < E) ед Wot А 
* 6: — 575 A = ғо Com” 


x check F 


fs 4; / (Ld) = о.0/0 í 7 J, А < Hay од 


an 


33 


1j 7 Е ox» 3 
feu > 250 Km" ФА S600 Кет 
e Solution с 


e бите a > јо cm 


2 ж P ` eL: а 
е ) 4. \ , چم‎ Ce 
trom оу tui опит Conde tons ge 


va : j 
/ = Cu. Yeh 


5 (эе је: a Ale 206054 А4 о (45 = GJ) 


‚ Assume Asso от ) Ли gry) 


Ч. 


(lo 410) +65100) 


~ 


4 
I 


klo? y 2250 (а 10) (55 – 1°) 


pe угала рии РА? £s 


. ш: Е First پور‎ „л M г (e JA 2 „е ff 272722 Ё 


Jum.‏ یں مرت 


— / ; ہ‎ 
е É sume Q < јо m 
+” — hey : ^ ДА. | р! г e = N 
ç STON НОР Lon di (4:077 ç Kerer го "T, LJ 
ёс зүгт” 
-Ц = 14 | 


t сәу 755 ; 2 7 дээж F 
= 2. ма x` «20 Ж е X ко —- КА (7 Ж NG OO x 


/ ^ 
22, 7 


/ > de (977 (dn £ Of 


pa 


o тэй ۰ 


7 


217 ۶ fex xti 


ЕД 
) 一 7 4 4 £ m [ a s 
of = 0) ИА: MA 0 Cl Cc Тұ” 
; ll ہم‎ 
Lo a reverade Monet 
// 5% ~ 7 ^ [4 
` ; ) / ГА / ! ги ۱ 
е.) ГУ? 8 412 45 ЭР? = AO p 
77, msex of [li X Ll «Јута da ите 41 ече 
= as L 
» Ju Lor minit 
—— ee Я Ñ 
: / р 6 / “0 | = F х 
le Comment or he r&s Value ot fis Rat Сл Кел. 
я è ou op ^ TM. + 
¿ қ و‎ | 6.) t». ص و حر سر‎ A, 
4 و‎ SUG cent Juilabk = тбу for алого, 
7 / 
۵ ` X. 
7) т | / V и 
e 170 You, 7220 ТЕ tf d Ё} Rd 


^W 
"ур f / - . | 
Lt Jeu peto 79 ‚ Which, Value 


š Ter Re СА була sechi en 


Delermine Ae лоте M ul 


Ў Seko. ba 256 Арт. 
Lys 36 20 булаг! 


. Solution. 


Салт 0.00% 


B= دوخ‎ 21232 -г2(-ө541 و‎ 6۵-۰266 a 
3-90 


. from Fuilibrium 
X би = Tu - 0.45 Pou м. В = 08? fy As 
ДО 0454250 64 e [бо- о. 24а | < 0.878 766 ¢ /0./6 


а а — 32.95а* = 21421.17 
(259 44 as Ae 83 om 


£ МИ = (а Yo} 
ДА ЖА Ты» 2.1. f £ ہک2‎ # д.81 (бо- e. Af 2..9?) (%%- 2/ 
8 Ми: 1995 тї 


eNotes 


їл Més problem we deal wil the ni ad вий 8 | 


for Simplicity . 
Bul in the exact Solution, we rua divide the отут | 


Zone into strips for mone ہیس‎ > 


[= 


lo в Эхэ _ 26 
a Determine the moment capaci y 
P. the гін RG Sela \ To 
4-8 \ 
مت‎ —4 


A 


МА‏ 26ء ر؟ Каја‏ 250 = سا 
+ 

„ Solution. 
NG М.А. من اد‎ С Le بعل‎ да (ps =] —— ٠ 


(Ф => .%C У Equivalent Stree Block Л Fab Wb с Comprepien (өле 


Ме 5۲6۵۵ — strain Cane) b العطاع سامشرۃ‎ s+ و گے التقامل‎ c ZL У 


Solution â 
Use He same Mhod of Possit (1k) 
(айғайы sym Bl из 0.20) 
x 5,5 Бос ROG ابر‎ ae стол И سیل‎ PN °, 
(эз dis all „6 ids » كس‎ с فيه‎ ЖАЙЫ 
| . فام هذه لیے‎ 


С 


-Sddim © Zack Solution 


+ ldo یل‎ 
=- ==> 


& 22.003 @и=е.053 с. 98? 83 چ6‎ 
گم‎ 
Тара грм in Cane 5C , УС 4 
for Gncreke 


;—ə—o=—ə—— >ə——  ————ə—— — 


aa 


с 
юэ 
X 
N ` f 
B= 20+ 2 X Pa + 
ы “““ ê 


ка _ 


КА 8. 2o+ 2 ع‎ 25#0-33C | = ге o4 C, 
[ = | + 0-014 


о 


4 3 2 204 ax + 20640* | e 4961 +6 
2,5 


4 Суф Cy ғ Ти 


0-45 fen C46) + By оба» ( 025, 8 1 
2 o. 456 ه15‎ + 0.33 C e (20 + د.ه‎ hC] + 0.454 0504 ۰۰ FAC чо. | [عبالة:هجه2‎ 
2.9 # J(001 /е./{ 
z См С, 758.756 Пор С: 01 
A нз + 1446.25 С - 31812.02 = о. во 5 бе JAM و‎ 
«Мц- азр + С پا لا‎ 
Je Ми = 2.55%250 x и x 4364 [204 2:01. + 1347 | + (65. تج‎ ый 


+ 6.454 250 » о. ж 6 5ج‎ [ 20+ o. Sly € 11.44 | 4 C65 ~ 0.33412%- 
0.33 40-644 17-16 | 


| « from ui librium 32:23 
| 
| 
| 


% Mus 19.533 md 


а ۳۸۵۱ کاجم‎ 6 ۰ 


„бє He shown fon 


14 


Deve жә apren مرن‎ fo 11 
/ 


де: Мц 


т 
pe 


Їл, fy : 5‏ ,8,5 رو 


o Solukioz ç 


2-45 Қа 
تسه‎ 


маште с <20о ст 


оду а. a. B= 0-8? Py As‏ م 


| 0 < 20 ст 


Mu = Си. Зе! = 045 Гы - A: B ) d- a4) 


If a > م2‎ om 


77779771 


„дъб, ela (ge В مم‎ ех.) 
д оф ова B+ о Fou. (12-20): 6 + o y? 486 


х а. 


Ма = C Ba, + C Че 


А Mas oat fas бо. B (/- 29) ofS fey (a-2).È (d-20- 9-18) 


Solve ie get My 


۳ 


нь. Чо Um 


-For # Shoum Sedim f 1 ——— \my 
culte Mommy | Ж / | | 
Ca Me беш: 1 
=| / | 
ot Section. | / 
Ruc 250 ky Jot MEET аав 
Ва qu MOS 


а 36e» Ка [^m 


е Solution, š 


„С mswer sur selF. 


g. 


Section 
Re Shows 
e For 


Ë 
Calculate Moment чариш; 


۲ Section. 
o 


- feu: 260 ond 


= 3600 ۷ 


ЈЕ. 
yourse 
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. DESIGN OF BEAMS. 


. Choice of Statical System. 
. Пош load distribution. 


. Calculate Working loads. 


. Determination of — Zfeclive pan 


. Calculate absoulute Straining сване ( Mu , Qu), 
. Specification of Sections Пура CT, L, Rec.) и with (4,8) 
. Design of Critical Sections for Bending Moments: д Shear forces, | 
- Determination of Development lengh. (Li). аа) 
‚ Draw Moment of Resistance (Мил. 


. Reinforcememb Detailings. 


5 Коп of Section / үе 
есін 
رس‎ 


» we ёо. 
3 2 < д 
. Ca а o 


=> 2 - 
| ce, 
wm Ju ah 
NN معط‎ A Compra 
>; 63%! ааа» 
67 مه‎ 
у 56, 


+. 
Web I ku EN 
; Rechamyular Qedim b 


Bangs, 


کے ہے 


Rec. sec.) 
SeS 442 (1 

(лес 

бес. | _| 


Sec 3-3  (L-se.) sec 4.4 (Rec. Sec.) 


the و‎ of Sections Marked of He كسام و‎ 


„Рал 2 


Жүр | 
/ UE 
{ 5 
Lp. 
4 
CET 


. echue wA (8) m» 7364 L-I. 


Lone 


ہے مر | 


+b‏ یا )ا 


B= smalleb of 4-6 of ајан ЛШ 


aL د‎ b 
23 


: 77272177 of slab b: bread of Бат. 
: Spam ор Beam 


Continuity Бекс (Френ ол шт Rinks). 


simple 
conhnuoua from 1 side. 
т рой «a š 


16#12425 = 217 Om 
— 66124 25.97 от 


| В = Јеж! of де o 
В: Least ه‎ 5 
.5 (т 


1327 dm 
b ہے‎ 
125 عرض ہا‎ 
|ж500 
4233 75 


10 // 


- Development Length (LJ), 
|| 


اسب 
MÀ — | © 1 A= ag‏ € — سی ІН‏ 


+ 5 Ф 
| ad L 
۳ - Бы «а, | 
fu : Adhesions friction force | ۱ | 
— Ó— 8 
| = 一 ома نت‎ DL II سس داض‎ slip لد عدحے انزللعہ‎ сд» 
| 


. له‎ tat لوف‎ эр» ы سم‎ «Др انم‎ h gab Казла A ызы _ 


- (LY > 4-0 طول‎ > 


• ال اللازم لثم انتضال A)‏ دن لیا M‏ سم A ААА‏ 
ساز — "ДР М‏ مراد БИ, = hive‏ 

ple gh MC ( мэл آر‎ AoW ж ples) سم‎ 44 РА. 
@—? RY ص‎ > ° 25 


From Equilibrium 


Ju: fu 


x fu: rë. ¿í , Y | m As 8 Л, 
y ۵۸ Би. Teld و‎ 


ф Жер.‏ . کر رر سے 


+ Би 2 


Development lenh Ld>= 300 mm or 40 dia., which ever larger for deformed bar 
Ld>= 400 mm or 35 dia., which ever larger for plain hooked bar 
.2 : Diamher of bar (ст) 


۶ 17 e Ивета Limit Id سک‎ betwen shel Д concrete 


(LAL uo ) ме — > уве) 4 „АЛ 7») 


A, - 0.37 de (Xa feet) Ра: ky fom! X Ко: ).5о 
| if foy z 22117773 6/2 Т А 


. £ Jador Обри, on “ойт о? bar of par бил суш) 


(ot a کست بکرم ارام رانم كما‎ дым 


о “( š 
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Question No. 1 ( 10 % of max. credit ) 


Use the shear - friction concept to estimate 
the necessary area of the binding steel 
dowels ( Ag ) necessary for safety of 
‚ the construction joint shown in Figure ( 1 ) 
to resist an ultimate shear force 
Qu = 50 tons . The surface of 
the joint may be considered intentionally 
roughened. 
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QUESTION NO.(III ) (20 % of maximum grade) 


Figure (2) shows a short cantilever that is constructed at a later stage after column 
construction. Тһе position of the construction joint is shown in the figure. The ultimate 
design loads shown are applied at the short cantilever . 


Design and give details of reinforcement for the short cantilever. 


check ore for 3 723 ۱ ай #77 


7 3 lo #19 7 / (100470) Фа ‘a Or 9% 


° «е Вот а 


+ ٥ر‎ Actions . 


My = 2 Lon. Gye lo 19) 


A+ My (A+t-d) = [0% 0.35 2 (0.10 2.05)= 3.8 т.‏ رن 


ME al مھ‎ 


- M = 42381069 2 o. 1 
hM 8 е 


My: 3.Qm'f 4- [00-5 = 95 tm b= 3o tm 
бес, 5ес. (Ж.2)силе Re ہہ‎ T. een) 


ж Gts фу 5 Gm 
„дърт Qu /С Б/1) = 10» loco (Во woo A15) = 3 tn 


ш: Z: 0 E: Жо 


қ Ay + £ 227 си? 
048 k Æ bet 4. 4 
ғ” ^ 7 -С АҒ 2330 от 


197 : 0.05 27 .b.d = 7.125 оор 


~ = 7.175 مین‎ це Gud) 


@ 4, i w: tal $ ون‎ 
fj, = e Sd А) =25( 8.94 - 2.64.) = 3.7 صنت‎ 


(gras): 943  . Ze 5gyo chid фор ара 


9 Verbal нуы Ay = SpE 


7 1836 
3 ст 
| 
| 
| 
| | 
= 
6.56 
-1 | | r | > ж 
| مرج‎ (Plc) 
2/25) ЖҮГІ 
| мар | 1 i 


Qul).‏ عد 4) لت 
Qu estio n NÈ ы. 3‏ 


Ь - зә om (он of shat a) 


м 


Va Нк ele ہہ کا۔‎ | 


5 Жүзік? DEE 
TA 23 Lye 12:24) 


Mu: 15. ل‎ ж дае quA ( oto ges) = 5.47 bat 


“ы, Бе جر‎ ti 


Ma /) f, ) = ,بط‎ осо IU o2 711€ 7 = LSS on 


Яр : Rec. Sec. 9-55 5-20 2-00? euro. 44 


йр = 5,4/ cm‏ کن 


E "NN 
PC UE) 


= 15. 4, #1995 


2 
- A89 ст 
1.20 £ 2б ое 1 


A, : Мия Tension She 


2 Ant Gp = 7 / Ст" 
رم‎ of бэ. AL 54 өн 
0 


Jimin 2 رہہ‎ Á Bf, ag # 72 x SS ЈА (0-4 


Os: 24 ом Ux 72124 


es Aa): 284 w ux ? cael ting BE 


-—— -|- 


ES 


© Eng. Wael Hassan 
All rights reserved. 


Academic use OK. 


2 
Commercial design use OK. ә 7) 27 Пежрях 


Commercial educational use prohibited. 
• ЖС 5 РРА 294 6 


Detiadim, 


«Dep бе of ارام‎ ВИ dell b pen ak 

CUm are beams И th йг: 7 T 7 2‏ اد 
Loads fo ?‏ ملسا cure beams which 06,4 fo‏ مھ s Deep‏ 
егі) without web rein 227778) 7 arch achot‏ 


The 8 12271141 is 27711 ub real Де КУЛУУ, m 


(plohi фм МШ Code Мы бие 


1 7 2.9 Sim l CLE | 
| ° 1/45 4.00 
HL 7 2.4 222777 Biums | (% Gener „№ dul 4) 


6: Tell VA كر‎ Фе” 
мо. ХЭЖ Ч 


| 425 4, 


whore LA oq. ГЕ ре 


Д سو‎ > 
O یل‎ вр “ж, 20 vA beams. 
O Taah ہی‎ „жы tds 
8) Alecks 201 dum Loopy, 

0 سی سره‎ 7 
С پٰ‎ 0 
9 бу Pad pile Сара. 


"DES زه جت‎ 7 ۱ ۱ 
7/ Ус» жаға /2 қық Ж Ж > 
A гон 


VAN 


272277 /7 Bo avi 27777” € tele!” Ber. 


Я erfeat Рей. 


рға ету 


MU. و لو‎ 
/ 4 Ë 


у PAST 


Жуй карны] Pore 
от 77772 “7 ۱ 
fe 7ل‎ 177292 
E | Ри Фа — ظا‎ 


в Жш oir? 22 ed “е” 
4 u Бад 0 Ж. 


4 اللا‎ cre Wi ak 
, y P Clit mal fed 


9 reo сие en бы by 
1772) fr] acil 


e lower Shear (ёх, pet ity 4 2 


‚Жуй ۵ 2723 fe 
ТАСТА ہے سس‎ 
в 46 аё емс. 
0 буг ave not уму inp ҺА 


8 бара ША 24 > 


4 Доке 722 


(dites ае. байхад Ё 
Ad موه‎ (thal apd 12 аЙ) 


Же. ера (et, 7222 0ي‎ 


= 2021 


777 Sec. бре Алај, 
— А 2 
21258 ыр, 7 frases af 


"бо 中 nen Бигор. в 
р 


М Ри)» Sorte 22 


ы, үр 4 “өтімі Y 


Y, 727:2 ی‎ s=. Stenes 
ij м. to “Чу Рава 


e 12 了 127, TP 


oN АГ | shear 227777 


ما shel col‏ اٹ 


Cut 279! 


Үд ѓар 


۹ Жаа» дес before کن‎ der Ж 
(эй phein flar prés 


Mor Der ےر‎ al 


0-00 a + 27722223 


ыл 7۳۶ беге ге 23 


fer 4 Ve ب‎ 


9 Af 7222 Cee pT буу? Es M 
сега Y 00” % ЈН Гана ; 


ee 27 А»‏ رورا و 


«epar Jerr Dent, 


« Mo 27 И „ана 4 


mein Дон ibd ned 1 kel 


бро an габары Әуе? 
— || ما(‎ 
7 
e f ће 


o ZX г af 0 
МА ығ 


X: (Гут ¢ ne 


Ж) tel‏ نے 
ри ж ег p У Ж Loa та‏ 


TN fec. he Шау? 


‘suf ff term 


Sent Бат at 45 


"~ 


20 


٩ јурио ہیں‎ ESE d Ж» 


= 
Sheer | 

e Ух 

27 ў 


сн] ж jlj ےکر‎ 


Cf zi eis Z 


8 bent bord af fo 


[yf 


A 
Иго 7 
) 


of bo. ё a 
/ 


0 


7 dela в 
Fa Ж... 2090 ٤6 


› cog ھت‎ и ab сей) у (ren نظ مکل‎ 
Ж " n | . ۳ ۳ 
To OE POA us نار ے‎ с И с GO ک‎ sly, bya fe 
UE ` * a 1 1 
: | ww 
атату хэвд AA, می ز‎ (лт Lac) (Ае 
Ad H tie \\ ay TR ۶ سر‎ A یت ضر‎ — 2 ы 


22222203), А“ ALIN ع رطروہ ال‎ Joon ЈЕ ej = 


: و یکن ےی سم‎ Т аер олон 


Strut 4 Je Med) је Сер ОУ, 
ин = 


radin -v . .ا‎ resi. 


۱۱۱۳۲ dooc] jo Тарор 21.11115 


| 92104 A. 


jevobeip, 
uojssaJduioo sofew 


(мошо 0 ороч ssni 


БОЛЛО? 
el ےت‎ 
Л 


ہے 


oa) 07 


и 1 "уу > 


Zu = ^j Ју 4 


I‏ ہم 
2 د L: | 1 J'y‏ پر 


| سیت وط 
7۷ یس ^ ЖОҒ‏ در 7 


— > [oues ТЕСЕ, 222231 ий D КИ | 
ДА کل ہمذ‎ AY = 


AM کر‎ Let a A Z — م رط‎ 
لے‎ 


ta.‏ بر فا (in‏ عن نقمي 234415 لتارصح 
سم هر 5 رف Te‏ و pos‏ سا ر 
mw. 4—6 ;‏ ھت )1595 ل 5 Ad. T‏ 


os D 840 > hice ~-e Ene - 
бо Hear 1 hard 202 ж — Gens сте 
АРА | 7 نع‎ Га J Ч 
Р. медна 
سر‎ j 2 


а 


Comoression‏ سم 


Tensicn х 
| 
| | 


(b) Distribution of theoretical 
nornzontai 2۱25116 stresses at ۰ 


{Cj Truss moae!. (2) Crack сасетпат test. 
2 = 52* |) طن‎ < ОВ 
= 37° it tin = 20 
1 
| 
نے‎ En 


> 


/ х 
/ 
9 
/ х \ \ 
&<— وہ‎ 
ка 


іе) Sumalifiez truss. 


126, Lda IM. dope ЖА 


Comoression 
Tension 


, At 1/4 point 


At пиазоап, 
horizontal elastic stresses. 


(b) Distribution of theorstical 


(a) Stress trajectories. 


dio. 
“е VS | 
= ee 


NAS 


ПА 


сав 
= s 
Tan Ала 


fe, | 


Aire Ke 


м А мо н 


a 


1 


lined truss m 
Главата *h 


ће 


РА 


fay 
Нен 


ور / 


0 
2 
^+ 


Ludos S ul 


+ 
men —— ہے(‎ 


55 
سز 
واو EET‏ 4 


رم 


= 


4 


ван mana ‘> 
ee ee 


~ 


1 


WEL 


X 


ж 


4 


ic! Truss mode!. 


кер: 


254» Loaded Cop бет 


siae soa 09 
phd pss - 1% دض‎ | | | | | vl del 


—Ó ددر‎ 22 mar ^ Демін 


| 
P si АМ P + 


ily S 
4 Клу 
vis اذأ‎ NI AL «ды D gp لعل مہ‎ а j= > = ЕТ ох 


сы Жу نتل‎ us. з а) 1% m үй 
: AL c Hi ولاف تر‎ Ода ول‎ o ٩ ررس‎ E EX j^ باس وا‎ 


2 `: иг! (ба nike эд. be pridd 2Н2 ез ; 


0) Teale гд 222 % 2 (e€ ар the bad fe Fy) 
С) Pent Local 112 


8) Work “2 Shere ۹ loc me 


— El РВ Cy» Р 3 ас 4) <£ 29 


Zein yas‏ < —— ثم ضر اسنہ 


— a 


тірш 
11111111 AM 


| 
| 
га) Stress traject sone. darle 
Cos. Awe و‎ ДЕ дегі та 
PES mv эе عا شولع‎ | 
— n . (| 1871 


2 ۱۰ 
АА. 


# ` | 
Ta | N 


A 


| | 
е" | 

| CM | 

| | 

ШЕ 

| 

| 

| Р» 


d 


40% i 
Р РЕЯ 


(с) Refined truss тосе!. (5) С:аск pattern. 


'i Deep Seam Unitemiy Loadsc an he Bonom 2652 


o ai iw — = 


#7. E + .شش‎ s 7227 Катра 


Ф 


Sha anro]. 


; سوم( 
of е peat ! 57124 ST Asy‏ 72722 0 


ёж . 7 


CC ЖА 


ehee fbf КОЮУ: 


10277774 << 
өн шым MP, de а ДР ع‎ 


2277 Я D 2 7 | РЭН 
Near жағ” Ф fo اس‎ = ж «үй 


эр Hus № ¿e Ф Але 


а = 
— — n 


, Deo) я for ан ( | наг > Реде "7 2 
7724 fe di 28ھ‎ Ji : 


аер Peang | 
۶ ы Sec. lor سال‎ 
B. Туса 2! 222 
бебе ДЈ at ул Ж, г cheer pan 
1ر‎ npa 
22% ас] 7 
(с iS РА 0,50 Ж 22 22-29 т Е 


E s fo қы 
7 7 
7 


wd fet 2451, حر‎ di Da. 


),4 ب‎ > | (диС. | 

ip 2158, ہے‎ „за > aZ de #8 at df ہے‎ 
2. Ао shear fer 
سے‎ shen 

Ой.‏ را 


Qi: der Pre af ДІ? SEC, 


d i rade 4 ol « ГА where а L- yer 


ÁN Coler = /o-l {ют д, 
(ША f 1 = 


S Ма. «Шай ас موا‎ о ad (UJ 


7× = E d 21127 hp- 


УШ» م۰‎ 


Notice that g < Leo іе, “Т 77772 баг FEX once 


4 Сис. йл “өр bens 72 Kan sende В 2 
which, (f ши 1 | 


р ha: ; P 2 
| u К И e. MB) 


ui : к, سب‎ ue P Ме — af ШЕ! 
| She cef ~ 


5 еді G : po 2774 rte _ 


22 Рае ehad от سیل‎ 


- ; Oh < Ча „75 t ДА 


/ der 


whee %--(/ е-е? 2) q 9, + /5а 


la $ 1455, {% 2.22 


Л on (f krial Fns 152: 7ھ‎ cn Jal. 


Á г. . E 7 + 9.35 | 27 
tions | " (4 — 0,02 А) 
A 


+. > 1.45 S4 ۳ 


дек of Mor 


" lon جا‎ x 
ope | | 
Ж En F 2 jo um Shee صر‎ 7 
ar ее 


1 ие LE й 
2 С - Deer d'o А És f 
22227722! 


4 

257 = (= р Ор we 
GA 

4 

|22) 4,5, Ж.т 


“ma 


4 Maxi ИЯ А уже J | 
7 тэ? I 


Sy € бо 
| ^, 5 49 с» 
£ ملس‎ d 
< 2L .. 
< ДЬ CT 


A 5 7 а 


E 2222 Ж/Ш УА 2222 % DE. 74 
7 tH provided ) Jo Сет. JC "Pm P^ 
تحت‎ # 22 EER 2 о” L 7 
7 125461, 


e 


ge سو‎ е Lf "m ее 4 if тей 
2 مر‎ Де” PE: 


50 :- 


~ 5 мм del P 2203 3 


ж. 
=== 


ec Siok @ ы 


P . 


- o 


Stalls ұз” 
——— 


86 / oes 


X. mM 


Ze Ж 
№ ke 
А, = A ( ار‎ gl) 
ма 2 ц Сора ЛА chee po вм, 
15 Sele کے‎ 


е 29" = 4 
7 


22 >? 4.4 Lv 


e 


T М 
b / / 2-0 свеч 


A: Z 7 + 


do Med set 
ره ال‎ L. 


سر 
| | | | | 1لت 


P de 0.36 Je 0.3L A‏ 0.4-7- 0.31 سر 


НИНЕ 


ім 949430) 


N 
| 

| 2 | 

„а 

š 

Ша 
NSORNSSN 
-— dl — 


+ 


-一 QO.BH(«O.BI )- — 44 


р 


" Duch in 


Decl مک‎ 0 ter а сјај £ he „Тој هد ر‎ "i 


өр up, АР рта jin ordre брид یں‎ от D 


Ste £ о ithe der de on cen ko, ky shel 20 4 


have سیت‎ i p^ F4 br 87299) 


۱ 1 
23 . 
مادك‎ Carmel Ë, - Тог | fu: те | 


ње 2 ди М 9 b ЛАА 

RIE Dekeilings ber № | 

Ы; Веат 5 m ян ü U U — од дем‏ کا 
зов Aye‏ 


fy = S. ра 


«Solution . 


anms _ оне Ре а Я5 т 
27) 2 (7 he =Ë 7 So) +6: #5 es 
dell : ете fer of | 1. > фе °= > 


: 1254, = LoS» 530 = # т 


БЭР 727299)‏ 0.8 7 2.685 = /5 = الا 


4 = E-lotm = Soo- [9 = 410 tm (Multiple 784 RH 


ЖА 


28 ۔‎ smaker Z 2221 = В et 


| 2434 > 4,26» uw 


д. كلتك‎ . 452 Í Loud 
4.24 
А, Е Z = Has con SMO 
Lh; 


своје 24. Ф 25 27. най 


( 27 = lo bars fami may) 


check omumel cows EU 


cur > 4215445, #5. 625 > loom зо 
2 


check ДА 
Mai = "И = = 0 
yt 179, = © e037 > Мий - ok 


1.41 
check Жақ 


Жаа = 5 + ۵ OH, = 622 > ж : مرو‎ 


2 = = ёс ear š 


a= F mots = 1,845 „77 
250 = 5 А dh = 245 مم‎ 5 asa у; df, 


= Кай (ес i$ аг ۵/5 4 = 0425 مسر‎ P 22. бүр 


Critical sheer forte 
@ = WÁS- ٭5یا‎ 1o75 = 73140 + 


М. 745% 1275. Кўн 10250 2 о петој af ста 
Фе. L'ideal 
ва еде 1277 


G 
№ = بب‎ 7 
bg 45 < 72 


uus لگ‎ [22 № | + ша» 


= 


12 = Ва kp Vom . 24, de sa 


a идите concret akne {ш 


CPE M- [=] = PE 


« 


7 s 515275 № ) Ж L45 Riff 
7/ Аы + хийг ан 227 
chek d eur 
4 < 2 < 229) 
2 блага)» mu 25 c on 4 fee ‚ү о eed /& مس‎ A 


Ти > ГЕТА = 2 # fei 


ЖА 


Lite (A la 2.62 


۳۸ 


Sy = [1+ ЛГ -о,/9 


٥ 


12952 018. Av ЫЙ) 21 
» k L 4 


8 


E: 0.065 = o. /Х 5 Av + в. GL s Ay 
Sy y 


۷۵ thet the 79172127 7 А? de di /? eae J fre كر‎ 
777) ге Man Va Si 24 ) 40 ya 2277 del by 02097 
V4 єй 262 > :سر‎ АЕ Ж. f 


2 x > 27 ہہت‎ ww 
E 1 // га Ч сеге 2 < Фе 
max m 4 ны = 155$ d Ю 
kd | Z. Cin "rS 5 
p PE P P и 


Ay. 2248-6454 Zo = 17950 = 2 


/2д 


s n ЯР "۳ e 72502“ . رل‎ ~ (5 Cy 
2959089 240, + »موه‎ Љ A them’ гй 


24 RC. یھ‎ 


fundami 


8 ф 25 
Each Row 


Weld Bars to 
Anchor Plot 


Sec: С-С 


ms 


~ 
^ 


Dim$- in ( 


Details of Deep Beam 


П 


| | 
v ИХ 


122172 ee Ж #3 ‚ OF 


| (> (200 
АД. 
| MELA 


Pio 7 
K Arf = szan fo 


Жел de AU, = EÈ = EPI ДАМ 


HW Assignment 
Deflection of RC Beams 


Problem Statement 

The figure below shows a 750x1250 mm transfer girder that constitutes a part of the structural system 
of an electromechanical floor covering an auditorium hall in a Cairo downtown 20-story hotel. The 
girder is supported by two 750x750 mm size columns. The girder supports a 300x800 mm mid-span 
planted column of a 3000 RN ultimate load. However, due to architectural requirements, the column is 
eccentrically planted as shown. 


Consider self-weight of the girder. 
Material properties: feu = 40 MPa f,— 400 MPa. 
Neat reinforcement detailing on engineering paper with appropriate proportions worth 25% credit. 


4.00 m i 4.00 m 


0. 75 т 
s 
A-A 


Problem 1 (25 points) 

For the transfer girder of Problem Statement above, calculate the immediate and long term deflection 
assuming bottom reinforcement of 1220 and top mid-span reinforcement of 8016. Consider the beam 
cross section in deflection calculations as a T-Section assuming the appropriate tributary effective 
width. Check the calculated deflections against the deflection limits of the ECP 203-2007. Assume that 
40% of the planted columns load is due to dead weight, 20% is due to finishes and 40% is due to live 
loads. Consider self-weight of the girder in your calculations. 


0.15 т 


0.75 т. 
| | 
А-А 


Problem 2 (25 points) 

Estimate the maximum immediate and long term deflections at mid-span for a simply supported one- 
way slab of 120 mm thickness. The slab span is 4 meters. The ultimate (factored) loads are: 

Dead load = 3 EN/m", Live load = 3 kN/ mš, Finishes = 1 kN/ m?. The slab is reinforced with 6@12/m 
along the main direction. Check the calculated deflections against ECP 203-2007 code limits. 
Material properties: feu = 25 MPa, fy= 360 MPa, modular ratio is 10. 


Problem 3 (35 points) 

The shown cross section represents an inverted T simply supported girder spanning 8 meters in an 
existing bridge that is undergoing a major upgrade. The top reinforcement is 3 dia. 22 bars while the 
bottom reinforcement is 10 dia. 22. The ultimate dead load on the girder is 100 kN/m while the 
ultimate live load is 50 kN/m. Finishes сап be assumed zero. 


It is required to check the deflection of the girder according to the ECP 203-2007. 
Material properties: /.„ = 30 MPa, /,- 400 MPa, modular ratio is 10. 


( 400 mm, 


500 m 
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HW Assignment 
Flexural Design of Beams 


Problem 1 (100 points) 
For the simple beam with cantilever B2 below, it is required to perform the following tasks: 


OS ый سر‎ 


Design the critical sections for flexure. 

Calculate moment of resistance of the designed sections. 

Calculate the development and anchorage lengths for your calculated reinforcement. 
Calculate the required curtailment stirrups. 

Calculate the required shear reinforcement of the beam. 

Using an appropriate scale, produce a professional beam reinforcement detailing drawing that 
includes the absolute BMD, moment of resistance diagram and beam elevation, detailing and 
sections. 


Problem 2 (100 points) 
For the continuous beam B3 in your assignment No.1, it is required to perform the following tasks: 


Da a 


Design the critical sections for flexure. 

Calculate moment of resistance of the designed sections. 

Calculate the development lengths for your calculated reinforcement. 

Calculate the required shear reinforcement of the beam. 

Using an appropriate scale, produce a professional beam straight bars reinforcement detailing 
dravving that includes beam elevation, detailing and sections. 


5m 
6m 
6m 
5m 


HW Problems: Ultimate Limit State Design Method 


Problem 1 (15 points) 
The shown rectangular RC beam cross section, whose width b=250 mm, is subjected to an ultimate 
bending moment of Ми- 300 kN.m. It is required to design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


АП code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


tb 


Problem 2 (20 points) 

A rectangular RC beam cross section, whose width b=250 mm and total depth &=1000 mm, is 
subjected to an ultimate bending moment of Ми- 500 kN.m. It is required to design the section 
according to the ECP203: 


1. Using first principles 

2. Using design charts. 

3. Determine the maximum reinforcement that can be used in this section and the corresponding 
maximum moment using first principles. 

4. Recalculate the requirements in 3 above using design charts. 


АП code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


% 


Problem 3 (15 points) 
For the shown rectangular RC beam cross section, it is required to calculate the moment capacity of 
the section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
All code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


600 mm? 


700 mm 


2630 mm? 


Problem 4 (15 points) 

For the shown rectangular RC beam cross section, whose width b=250 mm and total depth &=800 
mm, and is subjected to an ultimate bending moment of Ми- 600 kN.m. It is required to design the 
section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
АП code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa [= 360 MPa. 


Problem 5 (15 points) 

For the shown rectangular RC beam cross section, whose width b=250 mm, the section is subjected to 
an ultimate bending moment of Ми- 1250 kN.m. The section is to be designed as doubly reinforced 
section with compression steel whose area 1s 1096 of that of tension steel. It is required to design the 
section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
АП code required checks must be performed. You need to check that steel strains you assume are 
valid. ја = 25 MPa |= 360 MPa. 


Problem 6 (20 points) 
For the shown RC beam cross section. It is required to calculate the moment capacity of the section 
according to the ECP203: 


1. Using first principles 

2. Using design charts. 

3. Determine the maximum reinforcement that can be used in this section and the corresponding 

maximum moment using first principles. 

4. Recalculate the requirements in 3 above using design charts. 
АП code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 

0.80 m 


0.25 т | 
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Problem 7 (15 points) 
For the shown RC beam cross section whose applied ultimate moment is 320 kN.m, it is required to 
design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


All code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
0.70 m 


+ » 


0.10 m 
4 


tb 
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Problem 8 (15 points) 
For the shown КС beam cross section whose applied ultimate moment is 300 kN.m, it is required to 
design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


All code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


‹ 0.60 т › 
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HW Assignment 
Torsion on RC Beams 


Problem 1 

The figure below shows a 750x1250 mm transfer girder that constitutes a part of the structural system 
of an electromechanical floor covering an auditorium hall in a Cairo downtown 20-story hotel. The 
girder is supported by two 750x750 mm size columns. The girder supports a 300x800 mm mid-span 
planted column of a 3000 kN ultimate load. However, due to architectural requirements, the column is 
eccentrically planted as shown. It is required to provide a complete and detailed structural design of 
the girder, including flexural, shear and torsion design along with providing neat sketches for 
reinforcement details in elevation and cross sections. 


Consider self-weight of the girder. 
Material properties: feu = 40 MPa f,— 400 MPa. 
Neat reinforcement detailing on engineering paper with appropriate proportions worth 25% credit. 


400m | 400m 


РО. 75 т. 
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Problem 2 


The figure below shows а typical California bridge system that is composed of precast bridge deck 
girders ВІ that are simply supported on the transverse inverted T-Girder СІ and L-Girders G2. The Т- 
Girder G1 is also simply supported spanning 8 meters. The cross section of G1 is shown below. Тһе 
deck girders ВІ are closely spaced 1 meter apart; hence the effect of ВІ deck girders on the inverted 
T-Girder 61 can be approximated as uniformly distributed load. The design ultimate bridge dead load 
intensity is 20 kN/m”, including the effect of self-weight of all elements. The design ultimate bridge 
live load intensity is 6 kN/m?. Considering the most critical bridge loading for torsion оп T-Girder 
GI, you are required to carry out a full shear, flexural and torsional design of T-Girder G1. 


Material properties: fe = 40 MPa, /,= 400 MPa. 
Hint: For simplification purposes, you can neglect the flange effect in section design. 


=== 
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Girder G1 Cross-Section 


Problem 3 
For the wide beam whose cross section is shown in the figure below, use the Egyptian Code of 
Concrete Structures to estimate the following: 

1. Minimum area of shear stirrups. Provide stirrup detailing. 

2. Allowable torsional moment that can be resisted by concrete and minimum area of stirrups. 

3. Maximum allowable torsional moment that can be resisted by the torsion reinforced section. 


Material properties: feu = 25 MPa f,— 360 MPa 


"|| | 


Problem 4 


А simply supported inverted transfer girder ВІ with a 30x90 cross section is supporting a cantilever 
slab of 2.5 meter span and 20 cm thickness. ВІ also supports a cantilever beam B2 that supports a 
planted column C2 of 30x40 cm dimensions and 300 kN Service Load as shown in the figure. It is 
required to design the transfer girder ВІ for flexure, shear and torsion according to the ECP203-2007. 
Flooring = 1.5 kN/m”. Service live load 4 kN/ пт. Re-dimension the beam ВІ if needed. 

Material properties: f, = 30 MPa, /,= 400 MPa. 


B2 (30x60) 
C1 (30x70) 
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. PANELLED BEAMS SLAB. 


: ۰ Їл сэ. chien. 


Punelled Beams Slap is а shuctural system that used 


| 


| dimensions of Slab become [eer enough lo make 


| иш of йу Ж or Hollows Rock SlabS uneconomt ст 
| unprachicul 
ع‎ Z (حتاعاته‎ Lue صالۃ أو‎ ае шый زیر‎ L علا‎ Dp GU 
5% Aab ۳ rn ےہ‎ Иде (лә گره‎ е» ور سمو‎ 


4, me. V لاٹ‎ ы a اسمادعحه‎ ns 


3۸8۸013 010 


или 
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ғы” 


aa madi) structure ال‎ лудо de و‎ 


„Хе 255 d e SI 51 
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ана"‏ کت 


— энд Mofes تقر بے‎ RO کی قحب‎ А 


АЛ И do Lee Пел كلم هذ‎ 
ing ApProrimale Method’ ° 


|. Cross Seckion dimensions cÈ aff paneled Beams aye the same (8,8) 
12-8/А > 1.50 ` (BS A) 

|2. Minimum . 4 interna! ponele Beams in each deia 
4-74 solid slabs in panelled Beams phn та) be tao Wal 727 


5. аў бо» y bheoo т. 
4- Deal wih each ранды” Beam w sinple Beam. 


p 


La Desja of "Dalla Bec Qui, 


Same as solid slab notes 


f. 522. пем 3 


s 5. simple Sold гд, Ь) 
5 35 ын وید‎ 
ks L XV 5. Continuous sole tld (a <b) 
43 40 | 
Л. Load! 
3. т wt + 9.5 = Бут 3» Vim Би 


Ар, 204 4. + hb Ф. е 
: DL leat Os yibulion 


gt r مج‎ (мі 6-1 PAA) — why له مس‎ 
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Hd 


T DY, B. ament 
wh 7 / sleb 
17 : 2 
P]. wh eternal 102 
Jo 
Гү. 12 ға Shab 
|2 


My : in short dr. P us. 


У. Disign of „овен 
/ 
М» سے‎ b=: Joo tm 
527, of afl enr аа 
ی لا"‎ ал ње همم‎ 


XL. Peintorceme Debis 


Rime а2 от 


"| 


4,-Қ-:5 фар-к-25 


thou" 2077». 


in ЫШ slo precehie 


------0) d 
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7 Dimensions 
b= 25-40 Om ( benerally р- Јо ст) 


|» Shorkr spam 


EE Shorter spa : А 


д- Laus 


W, z Woy 4 _ عم‎ of al меј Beams _ 
u ж 1.40 


Area of floor 


۳۹ | | 
мем کس اوسر‎ ЕЛІ oF Теб عمط‎ in bolh Jic] 
A«B . 


К = مہ + إلا‎ О-Б) ¥. ГА + Ong] | 
A.® | ут 


of Фе Beams 2 to A dirvétion : 


of Panell Beams VA to ® سکنل‎ 


| 45 ote کا تيكاتك اعت علد‎ (о ле М 08) mS ë + 


Gra کی‎ ie iN, 4 BCH واجدة > »440 کہ ور‎ 


- битов table: жер abe (4-3) 


“Z= оё bdh, 724 (и Beams Z to short бот) 


wy = ۶ VA 72 (м Beams И to дт Жж»). 
Ё 


ы ы ia له سے‎ 4 P =). ہہ‎ БИГ QS) من‎ be کد‎ - 


LEE بسن‎ Fardà Domisi Ода, ( (Wi defo 


dcm У Зосоле امل اکا نے اک‎ d C “Бос > 9 <<хөмсе AN 


sg Фл Go عليها‎ eue Bem عل‎ da ж 
أملم‎ А — Jl, c еек д عن طربق ال‎ VP La امابهت‎ Ç 
wa 

. Good > wak. SE Ас! هنا كر‎ - 


Accordingly, 


21 (ее او‎ ow سے ۃ لا‎ ат ASL سن‎ JR ot ў e 


ox. Se ection JN 


0 27 to each. pael Mame 


> Жән مر‎ to fu 202 


ай = ха 1.20 fon radio (IP A« B) 
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Sin До 2۱ وه‎ 


۱ س‎ i al Leans) | 
м | ben зо | CT Xe ИН | Rem | 
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= Sin A5 
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ال‎ 4 
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А& n 8; 
د‎ 
$i 
= Sin 36 
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А о В 
ы = €in 7? . DET کن‎ ФУУ. 7 
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iz Эддин Жм 


Муж МА, 
_ МА.А` ; N 0) A 
E: Ч + ШІ 
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(-8,- Жан Brams Г long Жеп B) 
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1. Dimensions 
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« PANELLED BEAMS SLAB. 


x Бе the Shown p of а سم‎ Hoar, Sth a pardid | 


Stan سد‎ iE is required to design % S reinfortement 


(dale of :- 


a. Slabs 5, xS, 
b. Beams A, X B, 


C. Bans E + وج‎ 


* Ж 250 kg Lom 4 Pyz 3600 kq бит „ ba be 200 ke /т 
) Typical Floor’) 


га Б 


Mote ғ (4) ж | 
L 4 if nol Pivem 
L.L=200 Ду ( Хр. Ploor) 


[оо Ко ( Rook вт shed)‏ مغ 
L” :‏ 


E = ПИ ст take К: 120m 


„М = موه 4 16 + )945 0128254( ہر‎ > 0.95 En 


«load Distributions («xg table 5-1 P.121) 


“до 


e Design in X-direction. 


sib | با‎ [we ۱٢٣٣ [к | о Та 26[Ó ریف‎ | № | 
227 
55: | eas eme s хэн сэм nm | бөн | ш 
| Sẹ | 560 | 5-35 | e | 105a | 0-023] وس‎ | 244 
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T‏ 

3 

$ 


. : : ( 1o 
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1. Dimensions 
Ба ға өш A (shorter span) 


SO 0. $27 0. 12115 ہے‎ Jake 2150 ом 
/2-15 13 


А «> 


Моя 0454 ж قش‎ езеж (1-35-12) [5413842442] дд 52 
9 15.35 x 20.06 


Ав Sistrilbute WG fo Panelef Beams 4 both rection 


Grashoff table ۵ (able 6-3) 
ee CX -2.%72/ В :2.277 
(check: +B lee ) 


чб: = « 7 z 093 м? СЉ Beams Z 15.45 т) 
0.34 т (№ Beams И 20.00 m) 


Wa, ~ ЕН олі, x $^. 


Smax 


Smay = 5490 (see next fir) 


ӘЛЕ 5,489 у hes = др, #2 Ha 


Strainiy В chiens 


WA, * A 4.65% 15.25. 
Ma, ы E Li 
ме, 


Ут‏ 65 هد 
d 4 = 4.25 mt‏ 
一 大 = |5,%‏ 3 
mf i‏ 49.06 

-RMD 


we « 
Дао wil “ЩІ + Ше 


Qu = "a * ۹/ = 4.6 HIS 75/2 : 30.6 ton 
Ч, 2 , 


\ 


sea ef Sechons 


Sec ۱-۱ 
Te Sec B. smaller of 


508 
106124 10 2222 ^ 


SE e = 45 
de ous = LS de 
LH < 一 了 


——— : سے‎ 
Су = ns | قى‎ = 7.75 ; if „324 216: жығы ta? 
: ور‎ 2a 5 P > 24 / {е f р 34oo4e.82 € 12€ ст 


иле 325 


MERS, ма, \ yox єт 


ana» در روهز‎ 
: 7 CF / 27 
7 “299092 


« Check el Shear (Sec 2-2). 
_ Coleen dim. 


ди! = K6- 45 (БЕ y =€) = 32.19 ton 


3 <- 
ys rt 
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2 7 
las e ۳ < 075 ( 250/15)" = 9.68 Kye? 

2۳ Th < ‘ide 5 бис. alme js емее) fo reas! shar 
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a 55 Im 


АГ » ГУМА ДАР قد‎ 


max 


sin Фа, _ 


Sin3o 


Sin (2223+ во) - Sin fO ғ e. %% 


# Ug = 0.164 5.25 + 804.ه‎ = 1417 Yor 
1 


Actions .‏ منج اكه 
oe‏ 


_ iine 22 4135 ml 


nm.» = 27.28 m 


Оен» of ЯсНєнс. 


Sec 1-1 
” عم‎ B = smallest 7 


ux C- у Carve 


Cys 19.12 74.9 2 Tana گرد‎ -22378 от (422) 


» Check Өөд, С (b) Zh» EN ode ve? 


Pras, = £ b í = r ë . fo = 77.225 om) "a >. ok 


‚ Check Shear 


ЖФ reed дь абый کے‎ ы” Жей, 11 


қ сы Са 0 5244 


b. Design el li UT Beams 


l- Ее Beam Ж (204130) 


(7 72777714 00007 r 166 


Же 5 he Y ant / (82е) 


Зен ents (лед, саф odit 


Use Arex Mead Р а 


E v ( Using Gemeral (Аге) 
Slab (а x area = LI y [525 45 25+ 2.5 | = 5,4 ж 
Spon 5.45 
ound Edge Beam = l.A4X ہلا 1265 = 2.5 304 7ہ‎ 
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١ Design of Stchens 
m of Sec |. 


L. sec. Чи: 15.23 


dz J aes om 


A T = <> 924 
> == 4.158 tm 3 Я, = 191123 


~ Pi gh ol Sec 2- 


Some ж ۱ Ж femin $ д 2 


А Design o) Sec Ba 
Rec. Sec. b: 30 f-25 Mu: 4 


Road Curve 


А, - 6.25 Um 


s. Check of shear 


^b 


۱ 1 6.94 
31.4 эт 7 


| fags 3 
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ا‎ (Reaction) 
for Shear force CS AA Fen) 
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-Dimensions • 
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Shearing Forces 
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» HoLLOW BLOCK SLABS 4 


Introduction . 


Ном 810685 are om economic alternative used when 
5414 slabs are large enough to make 


using them uneconomic. 


«от ۰ point of View, шин шіні of шин | среће: | 
fa бы Slabs. | 


2. Hollow Block slabs. 

з. Ба! slab. 

А, Panellef Beum Slabs. 
5. Frames’ Slabs. 


What iS Hollow Block Slab 2 


« Hollow block Slab consists of R.C. ribs с А) 


| расед by Hollow Blocks (н.в) (tuig), à юр КС, 
Seló slab وز‎ covers both ribs X an B. 


12 


‚Н.В. is used instead of concyete in tension Zone bo 
[avoid the waste of tensile conc. Which js nol effective af al, 


ES‏ ب Ty‏ سس سي سي سس يسيج 
мг, зүү CELOS ч +‏ جه و АЗЫ 3 3 EA A УУУ‏ 
au‏ 
= 


۰ ۷85 are economic only when Solid ЫБ thickness > 15cm 


„ We аге trying to ВЕ МА. ) رالتهمانك‎ us ) seat over block 


١ Lo make use of J cent. Sec. of Sab ip compression. 


compression skes Ë 


| «Dimensions of Воск. 


И: 15 , 20, 25,30 ст. 


i Commen Uses are: 15,40, 5 Om. + 


153 Ње Mast Corman iş 25cm. 


| -Code Frovisions Por dimensions. 


- Clear distance between ribs “e” + Тө cm, 


Breadth of rib b Ми аре 
< 5 


- — 5 ст 
це LI 


— 


lo 
~ Keke: we usually take blo ст. 


Blocks may be arranged in tuo ФИР Mags :-‏ ۔ 


(D ONE-WAY HOLLOW BLOCK SIAB 


a slab in which ribs are arranged in one direction 
124526) the total load 


4 Е і< 


э Such slob behaves lke ie. | 2778 Slab іп the 712227 


of ribs regardless ی‎ ular rafio i.e. rib Sirection Caries all ЖЯ 


«Дж хыр is used mostly па ۲ (5- Fm [commonly my 


Big: pre Ferable to کے سس‎ ribs Z to fj short Јол. 
- Arrangement, 


m Тараг hen ce of Solid fL. 
— M9 


Ж 1-75 resit ив moment if tem is a Continuous one. رت‎ 


slab ب‎ LG 

4-'ló make the use of MB Hevible sith slab dimensions 
أ‎ 16. we put solid” parts ар وہ‎ when Puce is vot لودب‎ 
| to put Стр; Block 


HC ЈЕР 


- 77 is си зоне Нунић, With dab fo allow" 
x designing them as 72 Sec. 
| -Rib breadth b ” js asualla, ہل‎ JO (т 


«Cross (transversal) Ribs. 


E - Sometimes slab is subjected fo concent robe! Joad 7774 


Over amy rb. 


B.Crec rib 21221712 2 


-Connecte all ribs Рета to make them resist عه‎ а ope 


T ہمع بروع امام‎ те e d Lod on «ту of them. 


-Connects Lea мог wind word sidas of the structure № 


make Hem resist ута! loads Simul Готе. 


V» useful for ri idih in relatively ‘ong Phas, 
№ - — موه ال‎ of ruin пі 


о VETT De TERS ج فلس‎ 
= ч > — 5 
| ава سا نو مو سک رہ سس شش‎ арғыны ғы Та —— eR 
ww 


MU ELO Bt gio EESTI 


| C. Cross rib Speci Pi cations: 


eb usb 


Cross main 
во бә) № б Up): he, /2 
م‎ For LL. < Зоо kg jm? ` ж Span < 5 ит جح‎ Мо cross rib. 
+ Spon pam — one Cross rib. 


+ Span Cl, - 7) m зоне cross rib. 


x эрча Ў يكم‎ 3 сев ci. 


Tul об number when you usb Cres ribs. Суоле 
ь Don’t use bent bars 


ator Lj. ae Кум? : 


în Cross ribS since crass rib 2 


аве only to come тайл ribs , So il фер | Bey 


ЕШ оту 22047 , So no moments 07 hear forces #175, | 


4 


— EET - š . 
= p ene ж-үгЬ 

- 9 | | cross rib 
RU E | سير‎ 2 
о اه‎ | 
2 N 

x 

Е 1 қа 

—Y————— 


m znumber of ribs 

n znumber of blocks 
in each row of 
ribs. 


Solid part 


EE EE i.) 
А Ена ysis of One ۔‎ ay Hollow Black Slabs + 


۱ 1- Loads. 


| Z. Arrangement. 
| 3-Statical system % Bertins moments. 


|4-Desig F rib sections. 


5. Design of Beams ( Hidden m ون‎ Beorms). 


| 6- Detailings 


21-1 0445 
| وه‎ OW of Blocks · Design Aik table 16 : keca Bloc kç 
A> 9 يزكر‎ da 
k/m? ў — o - 


5 قي yan das‏ ال ۲۰5 الاضافة 


С) „Хоф Selif Slab رف مجم‎ 
b ایی ای‎ 


Js = оно. «f Blocks + Plaoring 57 577 mill. سے مس‎ 


i Mele: ЇЇ ec. бан Slob thickness CE) 15 mere tham 5 см x 
Cal cu lute «Нола Weight: 


о. Г. ар blocks : O- VC V ule + A.D م‎ СЕ, -0.05) Бут! 


с^ 
n 
6 


5 Ет? if not Given. 


d- Ultimate Load: 


Meu = 1509.) Em 24 Pe < 5 3. 


Moy 4۹ +۱۸۰ ИИ Ps 70.25 4, 


бос) rib is treated aS ob beum wih fop P flange, “актін: 


| oad between ¢ of blocks, LE. each wb Carries سے‎ Хесе = 
| which is the served width of the "ib 


S = bleck Гена + rib breath m 


m su /rib = Wsu «5 ж S20-5m in Case АР 


Ao om block3 а om rib 


de Ae Arrangement VIN: Ribs Z Short Direction da 


| CC Solid parts [clear Sist. - 
| from Just blocky edge of projected! | 


| beam 07 ¢ of hidden hear). |. 


о cras ام‎ 


or : il x-ribs exist: 


пу; of Blocks Jibs 
| 20:2 2+6 ۷:۰ Ne of ribs | 
PG > geo ад ناجیہ‎ Le c, өрд يهنا‎ кыйын. | 
i ST Lula uz TEM x-rib Nas FOR : جرا‎ ES UM ықы. 

А oral 17. Le — La rib مو میا‎ Sali ра) Ж وك‎ Lz dit 


Lc, = L, -10, = 5o M + До *-rjib بوجود اد‎ УШУ, 


буй مو — ہے‎ tl, Ф С, 


dice LE ә С. хэ | TS 


| 3. Stati cod System X Bending Homenfs 
Rib 15 like алу ordinary beum, il mey be ample 27 


continuous o beam with би сс 


. Tf Simple beam к: Le м мы! 
8 a k 
IF continuous beam 2 3 24. 


| Nate:, The above Ма) це ore only voli d Wher لان‎ yta се 
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For the one way hollow block floor shown in Figure (3), it is required to: 
1- | Draw the blocks arrangement. 


2- Design the ribs. 


3- | Draw the reinforcement details on plan and sections (B-B & C-C). 
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Question No. 2 ( 40 % of max, credit } 


Figure ( 2 ) shows an intermediate panel in а flat slab floor. The design sefvice 
load including dead and live loads is 1.5 t/m?. 


2.1 Use the emprical design’ method to calculate the maximum positive and 

negative moments in both column and field strips of the intermediate panel. 

2.2 Design the critical sections and draw plan and sections to show the 

arrangement of the steel bars in the intermediate panel . 

2.3 A marginal beam having the section shown in Figure (3 ) is constructed 
along the outside perimeter of the flat slab roof of Figure (2). A brick wall 
is constructed on the beam givining a wall load of 1.5 t/m' in addition to 
the other acting loads . 

Calculate the design loads on the beam . 
Design and give reinforcement detailings for one intermediate span 
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Figure (2) shows plan of а car shed whose roof is a flat slab 
of 18 cm thickness. The columns are 40 x 40 cms in section. 
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QUESTION NOIL) (75% of maximum credit) 
itis required to choose suitable system,then design and give details of reinforcement 


for the roof of the area shown in plan in Fig. (2). No projected bears are allowed except 
along the outside perimeter 

Phe design live loads = 200 Rg/m" 
The dead loads including roof covering = 400 Bon 
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Reinforced Concrete Design (2 Time: 3 Hours 
Any missing data is to be reasonably assumed. 
General Data: | 

£, = 3600 kg /cm? fon = 250 kg / ст 

Flooring = 200 kg / m? Live Load = 400 kg / n? 

Hollow Block Dimensions = 40 x 20 x 25 cm 


Question (1): (20 % of max. credit) 
For the solid slab floor shown in Figure (1), it is required to: 
1- Choose a suitable slab thickness. 
2- | Design the shown slabs. 
| 3- Draw the reinforcement details on plan and section (А-А). 
| Question (2): (25 % of max. credit) 
For the panelled beam slab roof shown in Figure (2), it 1$ required to: 
1- Calculate the loads acting on beams رط‎ Во. 
2- Design beam By. | 
3- Draw the reinforcement details (elevation, cross sections and details) for 
: beam Ва. ۱ 
| Question (3): (25 % of max. credit) 
۱ For the one way hollow block floor shown in Figure (3), it is required to: 


1 Draw the blocks arrangement. 


2- Design the ribs. 
3- | Draw the reinforcement details on plan and sections (B-B & C-C). 
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Question (4): (40 % of max. credit) 


Figure (4) shows a corner slab in 4 x 4 bays flat slab roof, it is required to: 


1- | Design the corner slab. 

2- Draw the reinforcement details on plan and sections (Р-Р & Е-Е). 

3- Check punching for column * C ”, | 
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Assignment No.6 
RC Solid Slab Design 


Problem 1 (100 points) 
For the structural system you proposed in your assignment No.1, it is required to perform the following 


tasks: 


бу IP 9 зей ды 


Recalculate slab thicknesses based оп ECP203-2012 

Calculate slab loads and conduct slab load distribution according to slab rectangularity 
Using code recommended coefficients, determine slab moments 

Determine slab moments using the method of strips 

Design the required slab reinforcement 

Draw a structural plan using appropriate scale to show slab reinforcement using straight bars 


5250 


5250 


5250 


HW Assignment 
RC Panelled Beam Slabs 


Problem 1 (50%) 
The figure below shows a layout of floor plan of a conference-meeting hall. The structural system 


comprises a paneled beam system. Floor height is 4 meters. Live load is 20 kN/m? while flooring is 1.5 
kN/m?. 


It is required to perform a comprehensive structural design of the paneled beams system with a complete 
set of structural drawings with full reinforcement details in plan and slab and beam cross sections. The 
design should include paneled beams, slabs, edge beams, and excludes columns. 


Material properties: feu = 25 MPa, f,= 360 MPa, [у= 240 MPa. 


mm 


mm 


mm 


5000 mm | 5000 mm | 5000mm  . 5000 mm 
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РгоМет 1 (50%) 

The shown framing plan represents a paneled beam floor covering a ballroom in а hotel. 
Thickness of solid slabs is 120 mm. АП columns are 300x700 mm. Live load is 3 kN/m?. 
Flooring is 1.5 RN/m2. Material properties: feu = 30 MPa, f, = 400 MPa. You are required to: 


1; 
2. 
3, 
4. 
5. 


Calculate the loads on beams ВІ, B2 and ВА. 

Design the beams B2 and BA for flexure. 

Calculate the loads on beam E2. 

Draw the reinforcement details of beam B2 in elevation and cross sections. 
Sketch the reinforcement details of beam E3 in elevation. 


8x2.5m = 


5250 


5250 


5250 


Problem 3 

The figure below shows a layout of floor plan of a conference-meeting hall. The structural system 
comprises a paneled beam system. A central slab panel is removed as shown to install a skylight 
elevated slab supported by 4 posts (indicated by dots) each is 4 meters high. The hatched areas are 
depressed by 500 mm for HVAC equipment. Live load is 4 kN/n while flooring is 1.5 kN/m?. Material 
properties: feu = 300 MPa, f,= 400 MPa, ја = 240 MPa. 


It is required to perform a comprehensive structural design of the paneled beams system with a complete 
set of structural drawings with full reinforcement details in plan and slab and beam cross sections. The 
design should include paneled beams, slabs, edge beams, posts, skylight slab and beam system and 
excludes columns. Detailings are worth 40% of the assignment grade. 
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mm 
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HW Assignment 
RC Hollow Block Slabs 


Problem 1 

The figure below shows a layout of a typical floor of an office building in Cairo. Live loads are 3.5 
kN/m? and floor finishes are 2.0 kN/m?. Material properties are: feu = 30 MPa and f, 400 MPa. 
Column locations are indicated at axes grid intersections. You can assume column dimensions as 
400x400 mm. The area to the right of axis 5 should be proposed as a cantilever slab. 

You are required to perform the following tasks: 


1. 


2. 


Propose an economic yet practical one-way hollow block slab with projected beams structural 
system. (5%) 

Propose an economic yet practical two-way hollow block slab with hidden beams structural system. 
(7.5%) 

Design all structural elements according to ECP 203, including proper block arrangement, and give 
neat calculation sheets for the two options above. (55%) 

Give a complete set of professional structural drawings for the two options on A2 size drawing 
sheets with reasonable scales. The structural drawings should include framing plans with concrete 
dimensions and reinforcement details, elevations and cross sections for main and cross ribs at mid- 
span and at solid part, and elevations and cross sections of hidden and projected beams. Hand 
drawing is preferred; however, AutoCAD submission is acceptable. You need not design all 
projected and hidden beams (32.5%) 
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5000 mm 
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Problem 2 
For the shown Hollow Block Slab roof, whose live load is 3 kN/m? and flooring is 1.5 kN/m’, slab 81 


and S2 are two-way while slab S3 is one-way. All projected beams are 30x80 cm dimensions and all 
columns are square 30x30 cm. It is required to: 


1. Perform and sketch the arrangement of ribs and blocks іп X-direction. 
2. Design a typical rib in X-direction. 
3. Sketch the reinforcement detailing on plan in both X and Y directions. 


B (30x80) 


HW Assignment 
RC Flat Slabs 


Problem 1 
The figure below shows a layout of floor plan of a department store storage building. The structural 
system comprises a flat slab with marginal beams only along one side of the floor plan as shown. Floor 
height is 3.5 meters. Columns are only permitted at gridline intersections. A 0.3x0.3m ventilation duct 
is required as shown. Live load is 12 kN/m? while flooring is 1.5 kN/m?. Material properties: Ки-30 
MPa, ۰-400 MPa. It is required to: 
1. Perform a comprehensive structural design of the flat slab system. The design should include 
moment transferred to columns, moment transferred by flexure, and punching check. (50%) 
2. Provide a complete set of structural drawings with full reinforcement details in plan and slab 
and beam cross sections. (40%) 
3. You are required to provide to the MEP engineers the maximum duct sizes that can be opened 
_ in the field and column strips. (10%) 


B (0.25x0.90) 


Problem 2 


The figure shows ап existing elevated RC Square water tank supported оп a circular spiral column AB. 
The column is 500 mm diameter. The thickness of the tank bottom slab supported on the column is 
250 mm, while the wall thickness is 200 mm. The top slab thickness is 150 mm. The tank is full of 
water over the entire 5 meter height except for a 500 mm at the top as a free board. 

Material properties: fe = 30 MPa, /,- 400 MPa 


It is required to: 
-Check the safety of the bottom slab against punching according to the ECP 203-2007 provisions. 
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HW Assignment 
RC Columns 


Problem 1 

The figure below shows a framing plan for a six-story, 23x15 т? office building at ground floor level. 
The gravity structural system comprises a flat slab with marginal beams, supported by rectangular 
columns while the lateral load resisting system is composed of structural walls that are continuous 
with the same cross section throughout the building height. Beam, column and wall IDs and 
dimensions are shown on plan. Columns and walls can be assumed concentric with axes unless 
otherwise indicated. Core wall thickness is 300 mm. Slab thickness is 150 mm. Foundation thickness 
is 800 mm. Building height above foundation level is 20 meters while ground floor height is 6.2 
meters. Column Cl, C2 and C3 ultimate loads, excluding self-weight, are 2000 kN, 1500 kN, and 
1200 EN. Other column and wall loads, excluding self-weight are shown in the table below. Beam ВІ 
ultimate load is 80 kN/m while that of B2 is 65 kN/m, including self-weight. Beams B3, В4, В5 
ultimate load is 65 kN/m, including self-weight. Column СІ is restrained with a wall beam 
(250x500mm) at mid-floor height. 


It is required to perform a comprehensive structural design of columns СІ, C2 and C3 considering all 
possible straining actions. You can ignore flat slab moment on C2. Show all calculation steps and 
checks. Submit a professional construction drawing on A3 paper for the columns and axes and 
column cross sections (column schedule) with full detailing and structural notes to an appropriate 
scale. Drawings weigh 25% of the grade. 


Material properties: feu = 40 MPa, fy— 400 MPa. 


Column | Column 
ID Load (kN) 

C4 1900 
(55 1900 
С6 850.0 
C7 2000 
C8 1800 
C9 1600 
C10 1850 
C11 1850 
C12 1750 
VVI 5200 
W2 5200 
W3 4500 
WA 4500 
W5 2800 
W6 2800 


5000 


4000 


5000 


4000 


5000 


С2 (250х350) C4 (250x500) C5 (250x500) C6 (250x350) 


B3 (150x650) 


C1 (250x???) 


B4 (150x600) 


.رر ہک `` — 
SR |‏ | 


VV6 (250х4000) 


С7 (250х500 


W2 (250х5000) 


| .-.--:ج .0 مو‎ а 


: =a —— 


١ C3 (250x300) 


5000 mm | 5000 mm | 5000 тт 


Problem 2 
Determine using design charts, the ultimate design compression load of the short square tied column 
whose cross section is shown, for: 


1. ех-500 mm, еу-200 mm 
2. ех=750 mm, еу-1500 mm 


- Material properties: feu = 35 MPa f,= 360 MPa. Reinforcement is 8 Dia. 25 mm 
- Concrete cover to reinforcement centroid is 50 mm. 


500 mm 


Problem 3 
Determine the axial load capacity, considering second order effect, of a hollow-section circular 
spirally reinforced concrete column having the following design information: 


- Column outside diameter is 1000 mm. 

- Column inside diameter is 500 mm. 

- Column perimeter longitudinal reinforcement is 8 dia. 25 mm 

- Column hollow-perimeter longitudinal reinforcement is 8 dia.12 mm 
- Outer spiral is dia. 10 mm at a pitch of 50 mm. 

-  [nner spiral is dia. 10 mm at a pitch of 60 mm. 

-  Unsupported column length is 5 m. 

- End conditions give k-2. 

- Analytical moment eccentricity is 0.2 

- Material properties: feu = 30 MPa fy= 400 MPa, fysp = 240 MPa. 


Problem 4 


The figure shows ап elevated RC water tank supported оп а circular spiral column AB. The column is 
800 mm diameter. Lateral sway at the top of the column is possible while end rotation is not. Design 
lateral loads on tank side can be assumed 6 kN/m along the height of the tank CD. Design vertical 
loads at point B of the column can be assumed 1400 kN. 

Material properties: یر‎ = 30 MPa, /,= 400 MPa 


It is required to: 

-Design a suitable longitudinal and spiral reinforcement for the column AB according to the ECP 203- 
2007 provisions. 

-Determine what the maximum possible height is for column AB permitted for stability consideration. 
-Sketch the stress strain curve (or axial load-deformation curve) of the column under the effect of 
variable choices of the spiral pitch. 


6 kN/m 


Problem 5 


The figure below shows a part of a multi-story office building representing the exterior bay of the 
ground and first floors. Slabs are not shown for simplicity. Ground floor column can be assumed fixed 
to the foundation. The ground floor column is 6.2 meters high, while the first and subsequent floor 
heights are 3.0 meters. For architectural constraints, an unusual sudden cutoff of the column C1 cross 
section from 250x800 mm at the ground floor (labeled C1-G) to 250x500 mm at the first floor 
(labeled C1-F), which has some eccentricity design implications. The ultimate load exerted by the 
entire building above the ground floor is 5000 EN as shown, excluding the ground floor slab loads 
exerted by B1, B2 and ВЗ and те self-weight of ground floor column C1-G. The ground floor beam 
ВІ uniform ultimate load is 30 EN/m and its span is 8.4 meters. You can ignore the reaction exerted 
from B2 and the wall beam B3 on Column C1-G but you should include the self-weight of the column. 
You are required to carry out a full structural design of ground floor Column C1-G. 

Material properties: fe, = 30 MPa, /,- 400 MPa. 


B4 (250x750) ! 


В1 (250х750) 


Problem 6 
Determine the axial load capacity, considering second order effect, of a hollow-section circular 
spirally reinforced concrete column having the following design information: 


- Column outside diameter is 1000 mm. 

- Column inside diameter is 500 mm. 

- Column perimeter longitudinal reinforcement is 8 dia. 25 mm 

- Column hollow-perimeter longitudinal reinforcement is 8 dia.12 mm 
- Outer spiral is dia. 10 mm at a pitch of 50 mm. 

- Inner spiral is dia. 10 mm at a pitch of 60 mm. 

- Unsupported column length is 5 m. 

- End conditions give k=2. 

- Analytical moment eccentricity is 0.2 

- Material properties: feu = 30 MPa fy= 400 MPa, fysp = 240 MPa. 


Problem 7 

Тһе shown plan view represents a part of а two-lane, two-direction Highway Bridge. The traffic 
directions are shown on the plan. The elevation view shows a typical bridge supporting column 
(400x1000 mm) connected to the bridge main girder G (400x1200/1000 mm). Bridge central and edge 
longitudinal floor beams ВІ dimensions in millimeters are as shown. Slab thickness is 200 mm. Тһе 
live load due to traffic is 6 kN/m?. Flooring can be assumed 0.10 kN/m?. One critical load case for 
column design is loading one direction with traffic due to traffic jam while the other direction bears 
no traffic. A north-south wind load is applied as shown. During that same load case, the expected 
braking force due to vehicle sudden braking exerts a longitudinal central horizontal force of 50 kN on 
the column in the East-West direction at the top slab level. This braking force exerts an out-of-plane 
moment of 300 kN.m in double curvature. 


You are required to design the shown column for the critical load case mentioned above and give full 
reinforcement details in cross section. Material properties: feu = 30 MPa, fy = 400 MPa. 


8.2m 


HW Assignment 
Eccentric Sections 


Problem 1 (60 points) 
The shown rectangular column cross section with 250x700 mm dimensions is to be designed according 
to the ECP203 under the effect of each of the following load combinations. 


1) Ап ultimate bending moment of М„= 400 kN.m. and an axial compression force of 500 КМ. 
2) An ultimate bending moment of Ми- 100 kN.m. and an axial compression force of 900 kN. 
3) An ultimate bending moment of M,= 400 kN.m. and an axial tension force of 500 kN. 
4) An ultimate bending moment of M,» 100 kN.m. and an axial tension force of 900 kN. 


For the design you develop in 1) and 2), determine the balanced axial loads. feu = 300MPafy- 400MPa. 


Problem 2 (20 points) 

For the shown RC beam cross section whose applied ultimate moment is 320 kN.m, it is required to 
calculate according to the ECP203 the maximum axial compression load and tension load that can be 
applied to the section. All code required checks must be performed. feu = 30 MPa fy- 400 MPa. 


р 0.70 m 


As 7 4dia.25 mm 


| 0.25 т. 
= 


Problem 3 (20 points) 

A rectangular column cross section of 500x500 mm dimensions and whose height is 6000 mm is 
supporting a water tank whose ultimate full weight is 2500 kN. The bottom of the column is fixed into 
the foundation while the top of the column can be considered partially fixed due to the rotation restraint 
provided by the very large weight of the tank. The column is subjected to an analytical ultimate moment 
600 kN.m at the base and a 200 kN.m at the top in single curvature. Design the column section. feu = 30 
MPa fy- 400 MPa. 
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Problem 1: (70%) 

Figure | shows a stadium frame, supported on a hinge at B and on pendulum 

Ар The girder CDEF is subjected to a service load of 5 Um’ including its self 

weight. The shed GH is subjected to a service load of 2 Um’ including its self 

weight, The width ofthe frame section is 35cm. The frame can be considered 

unbraced in its plane and braced normal to its plane. 

it is required to do the following: 

i ı Draw the straining action diagrams. 

24 Design the critical sections. 

`, Check and design for shear the section at E of girder ED. 

4; Draw to a convenient scale the frame: elevation and cross-sections, showing 
all necessary concrete dimensions and reinforcement details. 
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l00-47 4 lot = 0-35% Зоок 75635 + 6-57, Kook бе 


ёс = -~- 6 
iue йл, = өгөө 8 ӛеЕ- 15.75 mt (50925 ١ 
8,23 pas 4 A; = 325 


ea Shart Column). 
(АЛДА اکر الاد ہہ‎ ( 


С Ќе: 


Dec 1-4, (35 к 753 Liak Member. 
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o-tS 
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х WIS 4197: 2.354 700635475 + 06 Йе 2(00 к Are 
- бы — ~ Use ае, 2 15.25 ст АДИ ) 


(Since Here Ж no r 9 7222 Ж 4. (леген) 272221) 


4 Design of Sections. 
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Design Не sec. انت‎ x get буг = ۸ ۵ 2 


«Stc 2-5. (354120) Rec. Sec. 


Ase. = fs, , = А Ф22 
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ше ERS + A pa 
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8 A Mus ха = : 
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+ Ми, 


„в: 3624 


M, = Ме + М 


一 A, = As, = Ase = + PN 


Assuming Asmin is satisfied 


Agni n E nin ЫР - o.elojy 354 /26 = 43.6 ow 


(Reker ظط‎ каср хийн) 


Jet й, Е 27. o £ om ( 7225 ) 


16.22 om ( $425) 


(35% 120) 


ра Sec, 2.7 


Mu 
bag ° 5 x yr s tat (4427 ١ 


u, 
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«Sec 7-4, (35/20) ToTg 
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(35475 ) тт Сс 


e Sec lo-/0 get бұ- /5× 75 om’ (3929) 
(3425) 


A SCL. و‎ (! gel ffs "ہہ ن75 15 ۔‎ (и ФИ ) 
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| @ Check of Shear at Sec. Е 
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Кај ит P 30 Кум“‏ 3.1 > ا 7 | 2.2 - سا 
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Reinforcement бейілі of frame نے‎ 


— sasakuna سس‎ E 


| CAIRO UNIVERSITY REINFORCED CONCRETE 


| FACULTY OF ENGINEERING May 30, 1998 
| THIRED YEAR CIVIL TIME 3 Hrs. 
В — 03پ یپ‎ Ear 


* Design curves and Egyptian Code are the only allowed material. 
* Maximum grade is 100 points . 


General Data : 


Concrete grade :Їи = 250 kg/cm? 
For reinforcing steel : f, = 3600 kg / ст? 
Any data not given may be reasonably assumed 


Question 1: ( 65 points ) 


A stadium frame ABCD has two cantilevers BE and CF . The vertical member AB is 
hinged at both ends А and В, while the vertical member CD is hinged only at the 
support D. The frame is assumed braced in both directions . Service loads on the 
frame are 5t/m horizontal projection ( including own weight of the frame ) 
between E and Е. A horizontal force of 4 tones is alsoacting at point C as shown in . 
figure . 


It is required to : 


1) Draw the straining actions ( B . M . , N. F. and S.F.) 

2) Design all critical sections . : 

3) Check shear at sectioin B in girder B C. 

4) Give full details of reinforcement in elevation and cross section . 


5t/m 


Нинива ج‎ 


=—Dimensionind of frome « 


1262 = Мо ст 
CONS کر(‎ МА تشر اد‎ 
Ë, 26 ст 
و 5.ه‎ = боом 


(0.81) Е 27 Мо Cm 


о Ё b = 75 bm 


= سن‎ a 7 7 o4, 07 Lh E Lu = Zo Cm 


` Straining Actions Diagrams, 


1. Ultimate loads X Reactions 


1.5 уе 


y‏ ی — ہمہ 


2. Ultimate ФМ0. 


7/- 


3- ШЕтав NFD 
| سس سس‎ 


. SEC 1-1. ) 35x 120) 


My - 144. 3$ m.t Ми = و .و‎ 


: Using (¢c,-J) Curve 


B= К ہا‎ + b = 222 Cm МҰ” of B:500 cm (spacing bets brent). 


(25.1 became the gir IS 79779”? Leth я) 


: ue (Md wigs Їзө 826 


42.33 от (10 $25) 


= 3060 2.24 (354 Шо) Рес. Sec 


Миа = ۰۵ rat My >°-< 


Using (Raw) _ Curve 


R= Musile = б.0155 < Rmax 
ETE 
چم‎ et, w = 0.02 Б; A, = wbd KE 5.59 Om 
4.02 „В: є = 12.916 m? 
Asmin Ж, b.d= 12.3167 om 


he © m „ие Asm, (4927) 


„Хес 3-3. (35% 120) Rec. Sec. 
Ми = 60.00 m4 А, --13.44р bon 
Nu Loot ЁЁ. 2 М m «ву л Ma only 
à Hsing (2-со) Cun 

Re 2.658 4 faux 4 58 AM sec. 


а 0. 2 Қ abd факта, (4 442) 
Fy 


(35 х-129) Rec. Sec. 


سا 13.44 @ = ) 


т.Ё 


мэн аж à pig ёс. 


B ات‎ (Read Charts 


7 = Cs My = 52.58 mt 


ei R- Ми; ло? = 0.049 "4 Rmax 
heu bf” 


қы R < Rmax г. Ма need fa A, 


R hat, ددن‎ 0.058 


o? 
Арг собу Рур, + sa = 20.49 т? 


Use (4 25) 


SEC 5-5. C3S x 120) Column Sec. 


Mu = Ж2.99 т. Nu = - 79.5 т 


„Check addtional Moments Фе Fe Buckling 


وس 0 _- 


Hg = 7.00 - И | = 440 бт = 6.ho т 


baw = 0.75 4 (1.20-0-75 ]« 7, = 1.05 m 


ё Кр РИД вер bran 


. bottom "а Cond; Lon Hinged” = Ce З 


* یر میور‎ bran м both ойе 

à Using table (4-4) жср. P.!54 

д Кт eo СО Me z ок 20: 576 т 
Tw. = HE = 547 415 (hb £?) 


law. 
‚ ~ бр Gum g № لله‎ Moments де fo سے‎ 


of plume Bucking.‏ ال 


el Ж, وت‎ vile الاشعاج‎ w y» ملول‎ + i 


m <= — y YN < i ہے‎ 
1. Since Ne data 1 Jt abou Хес. beams 
Connecting frames oat of plene ^ We lect - out d'ebre 


2- Assume sec. beams اس‎ Formes (25 #50) 


۲ — 22 Lo du оар 4 Plame Duds ويم مل‎ 


5. 177222) еже of will beams at Mid. height ， A ا‎ 
Connecti runes. out у рате, so им NA 
15 divided! to H (45 H, 


í 


. وه | Wh wi «Са,‏ ددر at‏ اشا و 
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Design oP ЈЕ (5.5) 


Shed. Мас ples mf Маз 795 toy 
AUD. Дес 
0 مب سارل‎ or 225 (hart 8.25) (ост е) 
( оштй етар Failure). 
K= ۰.926 4 لك ع6‎ 033 
5043 > ۰ Е منت‎ 
Na sas (for 6 onh) | 
Е жанай bn shot Column “UË РЕМ 6.6) 


-—— ۲ ۹ < 29% = 0.02375 Е Вэ As nbs ) 


F 


(5442) 
A = 0.00375 х bx | ж 0.00 375 + 358 ۱20 = (5.95 съ! 


Ay 5 عه‎ As: оф ж 1525 т 9.45 ст (59:2) 


| • Solution (2 
_ Шабу ат ЕР ВОЉЕ 
e= Mu Au = 3 
“Жей пе щ eds : Mugs وہ‎ №: 85.86 m.t 


E R- о. oth 


R tbe | во W 20.07 


OX 20.59 
Р A 4 b fiu — Муке = = 
re ell “Жы ھک‎ вын | 
A= -we 2 мај یس‎ & № Rule 15 em бише | 


қ tive ОГЫ ка 
بنا‎ Cede ١ AT حل‎ Jui EL ie lapo 


M 3 8 ال № كسرة‎ Le. 


Sec 5-6» (35, 35) Column sec. 


Му = -5 ton Пцг29-о 


ж Clumn 
Nye 103 = o3Skuhe + 37 5 ёс 
31454107 = o BS 42504 35625 4 0674 36 ж бус 
Ay, = = д иж Asmin 


Ат) = 0-006 bl = 15.25 оя (622 


لے یم امتیارصا Қай‏ > - تتو امتراد هزد 


sec5-5 عه تلم‎ 一 


Age (3912) 
5 Mat м уттерте 
As = (3442) | 2 


) 


a dm . 2.1, (354 Zo) Link Member 
Ny = 99.9 Fen Mu = o. 
" ср ck Moment due to ис 1 


% Jn- plime Buckling | 


„Тер end Condition C 66 < hu) Же ریم‎ 
7 Bo Hom дегі condition 


hinged сеге 3) 


- Using teble (6-1) ( Sine its braced in - plane) 


л Ke 2.9 


= Teas /А 5 = یىی‎ дот He = КН, = 6.40 т 
: = ë Як БРЕ le к.з) 
+ Short Column іп ےا‎ de. (x-dir) Сп-рид X мъ Ма. 


x Out of عام‎ Buckling _ 


Using wall beoum ASK 60 at Mid- heh эй Link‏ تھی 
5о Buckling out ot plume will bt safe Y Ко Mad‏ 


5 Design do Dot Column 


Mu т 6.35 ба о.61 Fy бус 


зе we КЕЛЕ HF ой («IAN | 


= 3 
4 95۰2۴۱۵ - 0.35 к Dox 67ے + و3670‎ 36] 


= Design ар бес об. 
: боро ята е Desion 


e 560 (1-1) ۰ (356 122) Pep. 


$e 1-1 Exuchy 8 get Ж = lo $25‏ سی 


o Sec 2-2. (556120) Rec. Sec. 


Design Sec 4.4 Бас) 4 jet дю, (4 8145) 


sec 3-365 (354120) Rec. Sec. 


M 
Ад 5 OPE Ts = 12.3165% a = 4106 om (14220) 


e Sec A ۾ با‎ 


Design it Exactly X del A -) 6 G25) ( “Version هود‎ 9) 


Zw 


Column жє.‏ )20 354( ,5-3 28و 


Pip а Ми, T M, 


2655 81-655 4106-12.505- 28.35 т 


23 As. = ( 8 22 ) 


y 6; > = ex A, z 0.68, = 17.25 em (54972 ) 


e See б.а 


Deng Sec 6-6 


۰ бес 7-7. 


је 2-7 gel Неа = 4 2‏ سے 


eCheck of Shear а Se В (spo) 


Qu = 55,50 Ёо 


. ٩م‎ a Qu - Mu pae dim + AE 555 75 | a + US | = 48.56 t 


m даан * jo / (bd) = 48.56 «10 / [35 4105) = 12.065 бүйе! 


. : P ۳ ы Дуа > 29.4 Р Зо Key fon 


fu 4 или и Gort: da are 7972 


А hu z 2.75 | 297 = 9.68 ky em" 


tu Эх P д dd bn shear gp 
Ка = fu — 0. S'ha s 2.22 Куби سے‎ v? Shrrups only] 


4 Shaqe Р (v? шил ). 


17 = чү TELE IS. „оздон line (so ron) 
45 


МИ ۰ 
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Question : 2 ( 70% of max credit ) 


Figure (1) shows an intermediate skeleton spacing 5.0 m apart and 
covering an industrial би11601:д. It consists of two hinged frame 
ABCDEFG, girder FH and column iI. The gircer is simply supportec at 
point Е оп the frame and at point Е on the column., Тһе skeleton 


is assumed braced in the direction perpendicular to its plane and 


unbraced in its own plane. The total equivalent loads acting on it 


and the horizontal reactions at points A and С are as shown in 


Figure (1). The following dete are given : t 12 сп, b = 30 сп, 


в 
ё and ہے‎ = 250 kg / em". For the frame ABCDEFG it 


3600 kg / са 


2.1. Draw the B.N., К.Е, and 5.7. diagrams. 
2.2. Design all critical secticns. 
2.3. Drew to a convenient scale all concrete dimensione and reinforce 


ment details in elevation and cross sections. 


5.0 t/u 
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| 3. Ultimate N.F, D. 


4 = Ultimate B.M. D. 
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CAIRO UNIVERSITY REINFORCED CONCRETE 
FACULTY OF ENGINEERING JUNE 8 , 1999 
THIRD YEAR CIVIL TIME 


General Data : 

neral Data : 
Concrete characteristic strength fa 7 250kg/cm? 
Reinforcing steel - 5 = 3600 Кр / cm? 


2 
** Any data not given may be reasonably assumed 


Question 1 : (60 Points ) 


А frame ADCB , figure 1, has two cantilevers CE and DF. The frame is hinged at 
the two supports A and B and is assumed braced in both directions. Design ultimate 


1) Draw the straining actions ( B. M. , М.Е. and S. E) 
2 ) Design all critical sections . 


4 ) Using lead plate type , design the hinge of the frame at A * 
5) Give full details of reinforcement іп elevation and cross sections. 
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HW Assignment 
RC Frames 

Problem 1 
The figure below shows an RC frame representing a part of an industrial facility building. The ultimate 
design loads are shown on the frame. Two posts are planted on cantilever beam B1 exerting vertical loads 
as shown in plan. The cantilever beam ВІ is flushed with the column СІ edge. Slab thickness is 150 mm 
while frame girder breadth is 300 mm. Column СІ preliminary dimensions are 1000x300 mm; however, you 
are required to adjust these dimensions if needed to satisfy design requirements. Material properties: feu = 30 
MPa, fy= 400 MPa. You are required to perform the following tasks: 
Draw BMD and NFD for the frame. 
Design Column СІ considering all applied loads. 
Design section 1 and 2. 
Sketch reinforcement detailing for the frame in elevation and cross sections 1, 2 and 3. 
Check column C1 for shear and provide necessary transverse reinforcement if needed. 


m P بت‎ = 


300 КМ 


i Sec 1-1 


3m | 4т | 4m 


Planted Post 
200 kN 


G1 


s= 


Planted Post Z 


350 kN 


400 kN 


Problem 2 

The shown figure outlines the roof covering of a mosque building in New Cairo. То maximize the 
usable area and to assure unobstructed sight prayer area, columns are only permitted on the dashed line 
A that represents the outside perimeter of the mosque. A skylight roof is proposed surrounded by dashed 
line B as shown in the elevation below, where eight 200x200 mm posts could be used to support a dome 
weighing 240 kN. A horizontal ring beam is proposed at the top of the posts to take the dome lateral 
thrust. A parking shed is proposed outside the mosque as shown by line С. Live loads are 1 kN/m’, 
flooring is 1 KN/m?. feu = 30 MPa and f, = 400 MPa. You are required to: 


l. 


Сър T9 


Propose a structural system, in plan and elevation to support the roof of the mosque. Show 
concrete dimensions, location of main and secondary supporting elements, spans and heights 
of all elements. You need also to show boundary conditions of all elements. 

Design and detail a typical post. 

Calculate the loads of the main supporting element. 

Calculate and draw BMD SFD NED of the main supporting element. 

Draw a professional blue print to reasonable scales showing reinforcement detailing of the main 
supporting element in elevation and cross sections and detailing. 
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TIME ALLOWED 2.0 HOURS OPEN BOOK EXAMINATION 


DATA NOT GIVEN IS TO BE REASONABLY ASSUMED. 
FOR ALL PROBLEMS THE FOLLOWING DATA IS APPLICABLE: 


CONCRETE CHARACTERISTIC STRENGTH ( fey) = 250 Kg/cm? 
STEEL PROOF STRESS ( f, ) = 3600 Kg/cm? 
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Figure (1) shows - in a plan and a cross section - the main С.І. of a factory composed 
of hall “A” (18 х 50) ms. having north light roof to suit the given north direction and offices 
(6 x 35) ms. of horizontal roof. The clear heights are indicated in the sectional elevation as 
shown in the figure. Columns are only allowed on the outside perimeter and along the 


line between hall “А” and the offices. 


1- Choose suitable structural systems to cover hall “А” and the offices. 

2- Assuming reasonable concrete dimensions, draw plan and sectional elevation 
(X- X) to show the arrangement of all the structural elements of both roofs 

3- Design and give full detailed reinforcements only for the main supporting element 
of hall “А”. 
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Jan 14, 
‘Cairo University - Reinforced Concrete 


Faculty ОҒ Engineering ; First Term Examination 
Ath Year Civil i January 1994 


É TIME ALLOWED: ТМО HOURS 

-Any data not given is to Бе reasonably assumed. s 

-Design shall be carried out according to Ultimate Limit State. 
-Use of Egyptian Code 1989 and design aids are permitted. ý 
-fu = 250 kg/cm? 8 fy= 3800 kg/cm 2 

eT‏ جح تجح ص سسس 


Figure 1 shows the main C.L in plan and ROOF (А. 
elevation of а workshop composed of: 一 一 一 


- Ground floor having flat slab ceiling 
of 20 cm thick without drop panel ог 
‘column head. The slab is subjected to 
working live load = 500 kg/m}. 


- First floor covered with a Б.С. roof Sec. Elevation 
system to suit the given North direction 


QUESTION NO. 4 < БО % of max credit J: 


Choose suitable structural system for 

the first floor roof to suit the given 

North direction. : 

Design and show in sketches the concrete 

dimensions and steel reinforcement details 

of your chosen main structural system for ; 

the roof. = 21 ағ 

Sec. Plan Х-Х 
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CAIRO UNIVERSITY REINFORCED CONCRETE DESIGN 
FACULTY OF ENGINEERING FOURTH YEAR CIVIL 98/99 
DEPARTEMENT OF CIVIL ENGINEERING FIRST TERM EXAM JAN. وو‎ 
TIME ALLOWED 2 HOURS OPEN BOOK EXAMINATION 


-一 


DATA NOT GIVEN IS TO BE REASONABLY ASSUMED. 
FOR ALL PROBLEMS THE FOLLOWING DATA [S APPLICABLE: 


CONCRETE CHARECTERISTIC STRENGTH ( fey) = 300 Ко/ст? wwe Take Care رززز‎ 
YIELD STRESS FOR REINFORCING STEEL ( f, ) = 3600 Kg/em 


a EE‏ دس هده رمسم ص a‏ مجاه Res А‏ صمو سو وم سس سو وروت SSS  — MH‏ ی 


Figure (1) shows - in plan and sectional elevation - the centerlines of a workshop 
18 x 40 ms and a cantilever shed 4 x 40 ms. The clear height of the workshop is 8.00 ms. 


Saw tooth roof is used to suit the given north direction. 


QUESTION NO.(I) (25% of maximum grade) 


Draw - using neat sketches —plan and section х-х to show the general arrangement 


一 -一 一 -一 


of the К.С. supporting elements. 


| ESTION NO. IL) (60 % of maximum grade) 


Design and give details of concrete dimensions and reinforcement (using 


reasonable scale) for an intermediate main supporting structural element for the roof, 
(Design of the base should be included) . The horizontal reaction at base is equal to 12.0 tons 
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REINFORCED СОМСКЕТЕ CAIRO UNIVERSITY JANUARY 1996 
FOURTH YEAR, CIVIL FACULTY OF ENGINEERING TIME: 2 HRS 


Any missing data may be reasonably assumed. 
QUESTION NO.(1): (80% of maximum credit) 


Figure (1) shows a plan of an industrial building abcdefg . It consists of two 
halls : A and В. Hall (AX abcg) has a saw tooth roof while Hall(B Xgdef) has 
a horizontal roof. Columns, are only allowed on the outside perimeter. North 
direction is as shown on plan. Clear height is 8.0 ms. for both halls. 
It is required to : 
(1} Draw a plan and two sections (x-x) and (у-у) to show the proposed statical 
system and approximate concrete dimensions. 
(2)- Design and give full remforcement details for an intermediate main supporting 
element for Hall (A) only 
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CIVIL ENGINEERING DEPT. NOVEMBER 2000 
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QUESTION I: (40 % of max. credit) 
A precast simple beam of 6.00 m span and (35 X 50 cms) cross-section. Design working 
dead load- 2.5 t/m & live load= 0.5 t/m. The bottom reinforcement is 73518 mm & top 


reinforcement is 24512 mm. Concrete fey is 200 kg/cm2. 


Check the deflection safety of this beam under total applied loads [Compression 
reinforcement can be neglected in the calculations of immediate deflection]. 


UESTION II: (60% of max. credit) 
The figure shows a plan of a factory hall where 
Zone (A) is covered by a horizontal roof while 
Zone (B) is covered by one bay north light 
roof. No columns are allowed inside the hall. 
Minimum clear height is 4.00 m. Based on 
reasonable estimate of concrete dimensions, 
draw section X-X to show the arrangement and 
dimensions ot the different concrete elements 
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CAIRO UNIVERSITY 


FACULTY OF ENGINEERING REINFORCED CONCRETE 
CIVIL ENGINEERING DEPT. NOVEMBER 2001 
FOURTH YEAR EXAM. [MID-TERM I] TIME : 60 MINUTES 


e Systematic arrangement of calculations and neat drawings are essential. 
e Any data not given is to be reasonably assumed. 


QUESTION I: (40 % of max. credit) | 

Check the deflection limit state of а simply supported К.С. beam jid 
7.50 m span, 35 cm breadth, 65 cm total depth and 7025 main reinforcement 
of Grade [24/35]. The beam is subjected to uniformly distributed service dead 
& live Loads of 2.0 & 1.2 t/m' respectively [dead loads include the beam - 
own weight]. Concrete characteristic strength (Е) is 275 kg/cm’. 
[Checking deflection due to finishes is NOT required] 


Code equations: Pcr 
max = [/250 , Е- 14000 (fu)? > fer 0.15 (623 ， “=(fetrIg)/yt 
le = (Mar/Ma)3.1g + {1-(Moy/ Mg) or & а= 2-1.2 (А5 / Ag > 0.6 


QUESTION II: (60% of max. credit) 
Figure 1 shows a factory consisting of a hall (28.00 X 9.50) m provided by a side 

shed (28.00 X 2.00)m. The hall has a one-bay north-light roof as shown. Minimum 

clear height inside the-hall-is-4.00 m. Foundation level is (-2.00) m from the zero. 

level. The soil is sandy with 1.8 kg/cm? allowable net soil pressure. 

1- Draw a plan and Зес.1-1 to show the arrangement of the structural elements 
and their concrete dimensions based on reasonable estimates. 

2- Sketch your chosen statical system for the main supporting elements. 


North 
1 1.00 
CHE 
۸ 
5 D 
5 1 -2.007 
CO 
Т | 
о 
хо 
— 


(+0.00) 


Ap Age 


Fre 2 


Plan View ”A” 


Figure 1 — Factory hall with a side shed. 
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CAIRO UNIVERSITY 
REINFORCED CONCRETE 


MID-TERM EXAM. (Oct.2002) 
TIME: ! HOUR. 


FACULTY OF ENGINEERING 
CIVIL ENGINEERING DEPT. 
FOURTH YEAR (Civil) 


Any data not given is to he reasonably assumed. 
The figure shows a Side-View [abcde] of a hall 
covering an area (24.00X9.50)m. Columns are 
only allowed along the hall perimeter. 
The architectural facades (.—— 4» 31) require 
a statical system producing the minimum possible ہت‎ un 


concrete dimensions for the inclined columns i и: 
located along line ab. mes af а = اہ‎ = 
[tts required to: | ~ False ceiting Ие 
Sas t і ‚© 
> У о. e 
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1- Choosing reasonable concrete dimensions: š 2 © 
draw a plan and а sectional elevation 1-1 rv MAN . ww 
a 


(parallel to the given side-view) to show the ра 
arrangement of the different structural سو ہہ‎ = 


elements: including foundations. 

2- Draw the statical system of the different 
structural elements in the hall. 

3- Draw details of a reasonable reinforcement for 
the structural elements in the sectional 
elevation 1-1. 


9 Foundation level is (-2.00)m. 


Examples of Statical Systems 


(Mid-Term Exam. Oct. 2002) 
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Legends: 
m= No. of members. r= No. of external reactions. 
) = No. of joints. s= No. of imposed condition equations. 
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Design of Concrete Tanks апа 
Water Structures 
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| العناصر ذات أسطح الشد بها محمية: ( Protected‏ ( 
و هذه العناصر تشمل: 
| جمیع العناصر الداخلیه المحمية من المنشآت العادیه کالمبانی» CHOWAN‏ 
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ب- العناصر المغمورة بصفة دائمة أسفل المياه التى لا تحتوى على مواد ضارة أو 
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فى حالة جفاف دائم. 
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د- المنشآت المعرضه لأبخرة وغازات ومواد كيماوية ذات تأثیر غير شديد. 
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ذلك الأبخزة والغازات التى تحتوى على كيماويات وغيرها. 


ب- الخزانات الأخرى والمجارى والمنشآت المعرضة لماء البحر. 


3 


BV de SA ТАЛЫ لس‎ . 


- - 7 
> Ca р ئن‎ ENN АЛ seir) مج ليأ یر سر‎ 


aha ) Уда E. 


: АЛ A ДЫЛ ыз де д LU De) дыд) كسب‎ ١ 


7 LAN [yap dot 
и, SB (5002s, +. г. ۱ вре) 


Wg = В.%». Go, 


uthert : Эа =[5э+ 0.25 kk £ | тт 


r 


È | ١ & Bs CP ( |‏ = مك 


mas Ca Ира? Wy бый قيم‎ (12-4) 6 
127 се 2-2 k قيم المعامل‎ ) 
El 


Where - We 2 Crack widths | 


AL عستم ول‎ ек, 


= همست‎ 
— дүү Да وض صالة سم‎ © cm > ШЕЛ ال تع مز‎ 21-28 2. 
De DD 2-9 عور‎ ре DAD bey) (UNA de صا لبتي‎ ро 


ЛА NN. =}‏ عع رأ تمال . 

| )۶۰۶ ذات هیور ارشیم<‎ Пе IE LI». WW =} 
ERN M, — „> A um СА СА) 
1 oily ار حمر‎ mos ذاحع‎ Ы, аа) ХАЛ dle, NŠ. < P 
(PIN على‎ ла دساف یک‎ «е > 


Tey ЗМ бы» Sa = р 


at Naa АДАЛ dbs de لکل‎ Deeg ДЕ х1 سال‎ : в. 


Z 68.5. (А, > 345) T мар‏ 0:60 = رق 


бү d, m ^ steel СБ, < 2222 مس أملى‎ 
. رد اعاس‎ JANR ДЇ ol سال‎ By . 
P2 2 7.оө Short ferm жолу | 


В, = 2.502 Cons toere f сб Zacar ou cg clic Loads. 


2 
۶ 
+ 
25) 
me 
. . 


OL tral ep al) Л gd عامل یی نر‎ mur 


سر 
سے 


> К = о-во ۲ CI. G.S.) Цэр 
den, ) | 


Жу = 4.бо [tld Skel 2) 
„(4-0,2 Оре, ) وکل ےترم № کشم لیت‎ 


(Shain Distribution У ZUD fe == Доу Ld JE- ms fle с № 2 


К, ! „ Pure Dunal Section С Pure Bendin) 
Kk, ! . Pure Tension (Arial tenner forze ^l; 
. Eccentric Tension Stim 
(Му ر‎ My tave Tension) 

y МЭХ 1 
ااصر‎ Л) ١ € 
Small لا ناته !معط‎ у OUI exo 5, 
e/t < 04 
е ев نے‎ 


Strain Distr ико - м < м) 


ج سس 


“с.с 


Arta Lest 5 CN 


y ЖЕЛ os tato жел ہے‎ жігі 


Pecums 


свр 2-5 (t-d) 


ce 


ال ماع هالممالة 


rere 
ф--.-. 


е! 
7 ë 1 
+ е + е < 9 5 | Ë 
2 5 NN E 
عمجت‎ 245 (lS eur 4/2) Pi 


Cover," === + 
CEC HA 
| 2 


ART TT о ET TT 


Cc c Io س۔‎ 
2.5 ( زهان‎ Ш erst 4/2) rv : | 


ФР Как 2 اش‎ “эрийн > Фуг ry Slabs 
Ж. 


CL VAM :) = Сеч. m صلسے‎ Аз ‚ = MA 
I а а ag A 2С `C 


fe DS AA jot جال‎ (ААА 
E. nis Dead load for 21222772 (Tepa T) 
+ Table (5- ју Values 


in € |,‏ ملسب A Me gk дао у AL‏ رالعسوب على ای 

БӨРІСІ as موا‎ ell سے سف‎ pp йн 
Мт 7 ° xe ЈУ) 

ж» fdr ХО اراد‎ mmm phn dy) da) 

(Mer и 
Жады تا‎ до مير‎ эл БРАЛ 0 54 
а MM ава Ау St 
ISa > Are Wy امہ عن ارح‎ үр 
Ax Mic خی اس رسس‎ 


= | 
5 معد‎ SHO 


=a х رس‎ 


C быс Си”) cl а) ے ۔‎ 


Minimum | Gaceta Cow = 


— ЫИ» Values 


p. 
L. A rer 


لح اللہ 
25 20 20 20 
3 30 25 


Se, fec КАС tanks 


Medis + Slabs 
Por. o ober elements 


/ Ce = 3.00 С?” 


2 йе «ФЕ d'e 
„тата Sal 


ds Ё. 5 сөз 


de Бы бе 


Sec. Stee) 


Ced Све] ZI لالم‎ Te d عل‎ уй ис лв йй ==) + 


(дал Wye سادلۃ‎ Ад دیع‎ 


y X والش‎ cM, е Pea سا — الى‎ LLL -) 


ON ДА ool, EU ылу, PIE o n LE A 


bs > 16 ا س‎ 22 TEA ما‎ esl л 


میب Lae? ст, [tee C ٦-5 JE de zu‏ اب ومع 


513 2 3 ai) уж < Repl | 


— à сыз ممجوبۃ‎ ИМ а) ВАЙ للعنامر‎ > 
«Ја ида (оаа A). д1 шз 
at о Јал ) EP UPS 


ү My № «25,642 Ме, 


2) т: Ас 2 N [ram : - 


JAM ДА رخ جد اشام‎ <<! — |] -Ү 
eig ار اعال‎ (мМ ( Әу, адай Blay (odin Lead > 
AAD عے قي السلسيه‎ a A S DB عسو‎ 0M 885) € (МК) 


0 


ECCS 4000 P (4-4) 


)0-2( إجهاد تشغیل الصلب وعوامل خفض (جهادات خضوع 


الصلب التى تستوفى شروط حالة حد التشرخ للصلب الأملس . 


и 
التشغيل‎ del 


elo 


)</-2 . إجهادات تشغیل الصلب وعوامل خفض dal‏ خضوع الصلب Ba‏ التى 
تستوفى شروط حالة حد уа‏ + للصلب е‏ التماسك ذو النتؤات 


إجهاد í‏ 1 > أسطح شد القسمين 
š‏ “الثالث والرابع 
ја кесі!‏ - >|- 
eo‏ 2 صلب à i а‏ 5 2 
520/360 | 600/400 
220 1.0 


cedi Cabal i са” Loa, £ Lilkimete pal edu 2 
صم استيفازصا اذا رشا ,اتاد‎ Я میات‎ UL ZY RN 
Ber JU رر‎ Abd) Ld 


) ۳۱,۱۷ ( GO Tony) “(ИШ ад», f ۱۰(۶ء‎ / 2۶ ABE على ادم‎ 
5 ا حفنوع هو كالتال‎ ThA мы Ше қ 2 3 
Jennie 27721 on Sked 


їл fs الخد صب اتد‎ у < 
5 8 و‎ Ah 
їе 


| K аз, у تیم‎ 4-2- рс + . 
7 RE аса el v PT p de 


белде феи" 


,$ افع أا غير J —— tie‏ 


ack 


РА GHD А» tl А А из 
ша del sten i C 


020 7 


(32) ду F^ تمل‎ AJL, che کمد ملام‎ oslo si 


REM‏ بن اد l Arene D AT Sio‏ رن بے DA‏ لا رم 

BLA, ско ali 

(ZlY bg, شم — انه‎ 2 22) J Ка > 
elo الدستطالر‎ Ho, с КЪМ ask ды الل‎ Me ш» 

Mo نين‎ ) del T ات‎ gl А, Hea A gaz 

Me Lo бо (Ps s< ہے‎ Py. 3002 ә um 
Log, 2-0 №! а "Вы +8 ua )ہہ‎ N 

Мома آقل‎ ы ہت‎ d о ДР“ 

| ов Леди سسب قر‎ 400. ФА др ley Pre 


TE z, LIL gy LA او اس‎ sls e Li 


pow ( фрегате! Sehim — pues и еу JP ол 
(ау عم‎ Яр АС. ай, APEA ye 
万 ۳ 21229177 رابگر‎ VI en f 29 


Ж»: ПРУ а А берите : „Зи le) fel = о. Бы ж 


fetes ۶م‎ (lu kyle 


ho MU, 


an 2 
(М: +ve) : Axial “Тайга: Бе ЗЕРЕ A= 2580 العرض‎ ея 
(СЛ, Niue سیر کے د‎ та 
JA مار‎ ip nha сц» ‘yet my, AS; 


- 7 اا‎ 
(“ы АлМУ A— та 
- сме LA اگدرلسم‎ de LN می یلک‎ > 


kal Renom force 


th small ecc 


Ло با مامت‎ (алау Хй--ий1 » aes ВИ عنم مجاه‎ LP 
JET Jul ew 0 а) 
С йе. быт will be done oct бре 4). 
М = lo ١ Modular dir 5 Л қара 


Ғғ 


25 Design if 22222) Б Ларе 2 Ї Check of 77227”) 


Cuncrucked Section] 


съм sebon bet 


b = 722 (т? Ё = — d 


«Гантс Фейт (NLN) “беле Әле” 


£ ж AC Же » خط‎ L.L 
8777 byt 4 >, 

< Muh) 4А 
ЦЭР 2 تا‎ 4 Ë LE Kec. Sec. 


ја ім + буу) P hat 
4) 


‚ Бай Те retell fro Armed. Ñan 
: айе tey Ella ра سے‎ promet 
Total фри Sid ia ریس ہیں‎ 
ае емле Sreu i 272: 
ро: Modas L будаг = оће han 
7 Бас hem 08 obpendr on }, 


Ера 77779! ауа 2 fec. ہت لو‎ 
po 7 | 


5, = t Ї + ұға) (а PES 


السمك الافتراضی للقطاع ty‏ ( مم) 
ЈА‏ من أو يساوى 


أكبر من Я‏ يساوى 
жайы in conc. гл АР‏ 2 ول 44 £ 
Л Ë / > 4 аа Ё‏ | 


у we Jf? bo the brief Зэр 7 A S. S . | 
1- Пеш мај Crac مسآ‎ 3 "s 1) | وم‎ dm | 
1 Ç ۱ luncracked Section] 


ee | b ہے‎ LA 


одите Ё. Mateos ст АТ: mt. 
° ЖЭ, аа. айж لی‎ 
Let dri жыды 
by Съ, 7 


даг? ` ۶ ‘er /7 ہے‎ 


b. Си 5 Sub үй Б (М) олу го 
г. M = ۷ Atal fencile force 
ат b KN cm (NM? ter) 


bell две (Z; bys هه‎ 27-07 


ict + 27 = 4 y> rl 


ёс M = € aid ыг aude force 
-Ve 


| 2 я 27 4 n sure 人 # 2 Ја A 


C- Sec. dics to رک‎ AC (center бест) 


HON: tinsion 


anu те F ET 2 Д Cm ЖТ; mt 
K 7 | 


59 12-11 Ale, ور‎ 7 


th = Баз Eng T ۴ 


n= 8222 4 7 Sec af Што 2223 سیر‎ 
(To get RPE) 
4. Se. г5 نے‎ to ^L 22, 


(9-2) Chart 


ч 2, 


one side 


| / вена is لت ے‎ Fo и; only (ferri) 


A. 1 
5 = А; = б 
# Вы 1 


| олг 4% 2 177 


C. бес. 8 subjected b ME Ma («б Jaton) 


Жа” Ny галт Dear ДР 


É = Ma / ty (Ко) J ША p 


бо? Es th چم‎ Cover — Au : que C Тет ољ) 


8 = В. th (С) cover My : -ve (жарды 


if fe Sec hao Small or Le 227277 


MM 


ہی 
reb Fo eccentric Sechi жаны‏ 2 
dri 1 fish ds dl af А M УЛ luf iov f.‏ 


| Ж, 200 250 | Зоо 


5 
3 
а 
у 
3 
0 
El 
Ё 
H 
B 
E 
й 
4 
Ї 


© Eng. Wael Hassan 
All rights reserved. 
Academic use OK. 
Commercial design use OK. 
Commercial educational use prohibited. = 


. 2.5 (25 - ; | A ACV =- (045 240-657) 
|- ».7) 2 8 Съ” 5 一 lof = ~ j 4 
f 77 
и” 
, о. 2 /O о” 
СИЕ СО 9 7 
' A 400 
(ef N 
се 4 b 


4 2 


(Actual tensile shel shen in "е Т) 


id 


deme 
б, | У 


9el Z , 


s} 


/ moa (9 VA. 


bz e» 7) (9-2) + (n-1) / (2-4) 20.6 


2 


Ge 9.24 (7- 3.2)‏ + .)4.87 ( 7.14 164„ "2 مو 


sag" 267.762 _ 6207.452 20.0 


^ д з 3. 79 Cr) 


EQ е ue rool on’ 


MS 7 7 


/7, Ca | j : 
or t= Sy: 0-43 m фу es 二 一 6 Large бары? ӨТІ 


мој Cee ерде: а 4.80 


22141 


ТАР Р [52 + 025 kike £]. : 


VE wove 3 Melee & P „ке Ко = 2.5 for гае, 


As: Три: Fe = FH em baf = 775 مس‎ Pep TEM 
TE IN / = 0.0102 


А 


۰ میرم‎ орд bey um Coa PAL o1 


0 
+ qe loo ж 744 v fe z piam 7.27 +> 3.5» 7 


Ч - о.о 


¿ç Ish E Es ^4 - Жж eS Ра У. 
۸۱ سم‎ К ж 
44 +s As (4-4) (22.544-%) M ге... К илнэ M 
2% A “ 2.9/ d CET ME 3./) + ЈА L x Y «loo (24 ». + 8) 


+ 7. Selo’ ( /¿? - /% T 3.1) > 7-5 "je" 


183.258 بر‎ + 8753.64 Ë + 458850 =) 


+ бъ 277, T беу 


۱ е же nt РА 
: (24) 


века (26288) 0 41 


Selviag لت‎ ^, fr te 


7 “. Jines NE. L бесі to 7 4 


3 ? 
E 9 + 3 nid. j b- Zog (o = $83 28 АД 
[оо # 7.75 /8 ۹م‎ 


бийг, ий A ejt 7 Му = 8 Lot 
a Seke creck ТУР” 
„л ЖАҚЫ ж f bert (Ж bars 


( 人 -Ta алпа ес ual 2 17776) 222) 


REINFORCED CONCRETE TANKS 


© Eng. Wael Hassan 


All rights reserved. 


Academic use OK. 
Commercial design use OK. 
Commercial educational use prohibited. 


۱ 21 

© Eng. Wael Hassan 

All rights reserved. 
Academic use OK. s تسم‎ Сува 355 کی‎ 

Commercial design use OK. --- от 


| |Commercial educational use prohibited. 


» REINFORCED CONCRETE TANKS » 


| Intro duction - 


КС Tanks area бүге of structures used to store 
| 


Uz 5,4 il 5 Clear from do ا‎ Ги) [ow Control 4 Ёа Links | 


| are uy سرن‎ Structures а need inlenshve Gere rn 

| نے ہے‎ з а ут, + Construchig7. 

| 
| 


Сот of Бей. 


4- Ground “Эжэ; И سے‎ 


7. 222627 lo location 
Ground Л include: а- Leenks rested обо, eu A 
b= der ¿CO Je 


2- Elevated Tanks 
Tanks сбора from ек в, by Coloma, oer or halt, 


Ъ—— |) = 


| 7. Ze to Shape, 


fa Rec tanya “ан A 
EX. ДА Ж; 4 circular ) Tinks. 


. ker to Heat pe lo See бек ti сб «Төлес | 
of bk 


00 
0 0 101111-027 


123 


UVINDUID 


00000 YIGNN 


10۳110111 


) 000 ۶۲۵ ۱ 
NOILYONNOS 
013 NUILYGNNOS 


سه 


431588 )0 78 


00013 NOILYON004 NOILVONNOd а 
Y3ONN 031531 03 011 11034318002 4330 101٦13111031 — "I3NNYHO 


YVINOYIO ашпоо ччамп 093.02 CILYAJITI 


Em‏ لب 
۸۸ 821۸1۷۸ 


Loads on "wks. 


L Драва! Turks 
a- Иги] loads 


L ont, oF elen s, 
ОМ of май. Му 
3. our of لی‎ (flor) My 
РАДЕ of reef Why 
5.0.01. of beams, bits, Стоя, 


Ws 


E (۳ of foundations W, 


7 ий ф доби? Bail рпа. 1 4 L 


b- HoriZontel Loads 

"3 prete. P 

2- Mind! load. 

< basmi 224229 load. 


JL. Grund, 7 


а Verfited loads 


/- o.w of „Ас is 


2. оол of. ЖҚ. М 


3_ ow of re Wy 


А- 0-07 of floor "Wh 


b- 12055227 Louch, 
ds hakr Гага дувбагбеЕс fees ( P) 
“+ Gail Cert pee ( Ссесе of tender procu бн) (ep 


3. Ground weder Дог Бг Га reassure (iF ехото). 2 


es a) ЕЗІ Др Toks 


2 . Ground Tanks 


2. Lue E tark leting (12 Junk} 
ЗАР a, ср ee ЛА up وضو‎ 8 P 
„Хес Rressures уа critical ال‎ Mo Je 


de 47 al Tanke fepair (Mecintzinance) (“ей % J 


pp “وذ للك‎ Т2, لصا نم‎ 211+ А زاس‎ РА 


Дй pame „о critica) IA DS АРЫ Mh ليم‎ 
Yo- litt forte A 52 و امال‎ с Grund Whaler preji 


sLIL БЭР, سے‎ „б . „во لمم ال معمادة‎ Jte LP? 


ер, аабал РТА وال مناه‎ cyl رج ص لوصر‎ perdo 
| pea Даљу эр! لای‎ aX cA لے‎ 


z. 2] ule Рта 


Lln of ВИ Tank 


MEA Ио али” or dim! Secfe С бай. thes Ce ss 


critical b BM ç SF. 
2. Cape of Els Ата 


prre ог” Зейсот с баға” (fe prefer)‏ 5-5 گا 
от Shefe- [het‏ راک thes силе 15 КЕЗІ ЕЕ‏ 1 


2ے sh‏ 4 رسس 7774 


3. of М 159, ( wi Bic eid er Sem bad) 
Ne ЕР 251537 ус СЛ мре) critical تر کیہ‎ ЈИ oD; 


ELEVATED TANKS 


„ри Варгас Ретко 


даа y PES of Floors of Kec angular ет. 


l- One - Зу < 


ЖҰ. г pem К ЖЕР, : жиеги ) 


рад 
4072-22 Slabs Л orled on walls 和 
7 2 | 
92 | 
? + [4 
4 30 ст 


7 da pe Slab 
Ax : Closed Ree Tonk А шел! 


with Plor Beacons 
جو‎ E + ts 430 em 
| s год И 227257 Led Cafe C «РВ = Гоо) 


T Тре ء‎ Wale of сале Tinks 


o Wal Dim : и wl 
hs B i of Bl 
۸ : ТЫ буй ый M Габ AS 56.74) 


1 8 Shall low’ Wall ( one -wlay 8 vertical Director) 


Lá > > 0 (азия H > کے‎ >) 


(L MA 2424 L;/ m2 


= ÉH 
f 


| Ја a 7, al 
| Leads tave! 20227 2 
1 Main REE 1S / 


| 2. Le Wc | ہس‎ Es مد شرب‎ 


Al loads ат Вега ите نے ہے سرت‎ 7274 
Ёде bax ар مہ‎ (Tark floor) ر‎ there /3 fom РУ? /һе 


aue to ева of fixation (the ый 5 gear делта в 


АЛ бог: lie. по Жетен revised رس سے‎ af te 
Геі arp НД) 


МН 
Р. 34 ХУ 
- du 
| 
Жн ши _ КУЙ 


о © 


Vertical Jac im 20 ЖЕ Se: ж Be Sec. 17 
At At th 


216 Deep fer, май are 


| е „зу раби, resista е 


pressure ^ Же әре? Ааа 
бо main XS ہار‎ 724 Meee on 


Load tans re іл 
Deep tems 
( уге, AL » وه‎ 


59 Medium ۸ 1 тама 77221) 


ог H < 2.00 
р 


I usualy # > > وه‎ i . És < fect (Те ста Ес) 


L, this (ж wheel ack ao а flet Rec. ре, but hr 
Simplicity we сет “renal £ rat the ¿af ao 

< fo - وله‎ ЖЕКЕ: у Loads к 222272 
[table єз в #25 J 

& Z اه‎ Lead авир in Shot Direm. | 
В:Х 4 lead ~, ia Lory Фрей ағ») 


21 


[toad ФА in tedium ТОҚ. 


P Walls resist брат! УУРА 
|ia bolh СА НА 

| P P 

| . is io both 

| dpections, but mair oaa 
Қ in Shorter е? 


4% 
2 


| Т5Ы Louds huda 7 


aq ia 


Lol 
2/2 


1 


| “= 


(беде Table 


. for = |-бо Ws d. м سو‎ 22 


" 
[f z >J | а | 
| L 


„4 «8 trom Lib f 
пу?! ہے‎ pi dl, В 


fv = ХР — и verticel Dir 
P, = ЕР i ——— 7 hor; Dr 
P: xk 
If Lik i 
5 H 
> ۳ x Е N [. oo 8 | 
|“ L ж 
~ В: PP م‎ verticed Dir. 


f, = | م س‎ v aud Dir 


. Jo, 227272 af LEAS 


| - ree (Се هر‎ рег). used tor wali деуі Wd عسو‎ 


ДА 


Tree Ме! НЕО 


4- Hinged : used tor isal Дард И < 4-50 m 
Thin Cover 
— 


Bp beam Top Cover (вәф) BMD 
(5, узы) (L. Z ба) 
ша, wher bap < 26 cm) 


oro к 


Rig lover Roof BMO ۳ 


E roof 2 2997 


Dic End Ср фот Por А ыды; types of Банн Wee, га 


1. Shallow MIS 
o fre: iF LIE y 4 y م 3 یلا‎ то root 


LIZA — (Glen байы МАЙ). | Free 


HAKLA —— (Plate Fixed jin 3 Sides) Ra | | ёл. 


Lx 


° Hinged + IF one 4 these curta yaribred: 
Le LIK уд 7 HE 45? 


бө Me Amt te USe :- 
а. Thin cover existe (1.2 < he) 


É е Tep Вет 27223 


Г. 


一 一 一 一 


т гай се Бол 21 موه‎ Ре ) 2) 2 


3- Medium bols 


«Hinged: iF Tp Бахыт or Cover exsts 
( Apprepetiole Pr И < А. Som) 


«Лха: if ИУ 2.5 m 


| o Diferent Systems берді ء‎ Z моз 


1. шік (обн chame) 


LA 


17 f 
1 B #5 r жш on ties every Pa 


[ALL АР ААР 2” АР ЭЭР ЖЖАР/У 


um ДЕЙ 


f- Closed Jroemee 
дәу GW зәррә (x EF دنه كل‎ 


< System Л Fe يس‎ 21-54 с (ple | Top Мөн | 


‚ cor | سہنے 2214 إل‎ Іш, 


L < é m Lose — 


АЛ а,‏ = مرج 


Far mm т АЛ 712 


3. Closed trame witf Ties 


Миа = ПД 
PT لے و‎ arl li 


force in tie = WL F 


(Wote L$? т) 


4- Counter Forted Fame 


„Structural facies. 


1 سک‎ Moment uation 


fera 3. Moment eguali al b 


Ма (Li) + 254 (2,,4,) + HL) = Ll 


Where RER : ем Мехи 


| K. fad kd атой Y „Пие Reals 


4. ШЙ Diskribited 2ھ‎ 


(КЕР. Dr. Shaler Hemd Book} 


E s Loads 


a 


. Medium сат) fun ular Tanks, | 


бес(-1) : Vertical Sec. 
OA 
1 /-а- Даны ем floor | 
|| 30 Cm ! 
дедите 7 = tary ett of 12-28 where Loch, | 


from С rack Control 


| 
| 
Wp = ow. + YH ۱ | 


| 


Мр = Аг + ҰН ум 


| Distribute Моос бода! a^ two к. ё Б سس‎ G=, 


Ги» 


eret] a ЖӘ? (6.3) 7: Е. /7 ر‎ £05 ог 


mi 
el 2, В by reclamyudari (74 rection re eL | 
= ос ы Led fave Йу ça Short FW x 


و 
lead бийфу "а Асет а‏ ہہ م ра‏ 


r> ¬ т 


x m» "m! on Walls 4 
| 1-5-2. Wall 1 Dim. (4,4 7) | 


1 


x Specify the ы ГА wall РЕ ир Shallow, Haze) ! 
Fa reir | 


m т ES or Г, = LA CL, cH PE 
H És : ] 


| 

| 

| ят Hat 7 2 лее 
| ДРИНУ Та 
| ж” Y 
дуго Траште will trowel in thal of ia бай. 

| horizontal 4 verfa 26 а ын 

Т Dilê қы) Lead! ма = Bie еі Ls 

| ЖАТ” 


| 

| 

i on Bh x 3 

| І 77-3) I » Pi x 


41 


ГҮ 
1 
Cm 
Li 


oriental 3 


| hs ээг 
R? = 0 Total 2 7 24, 


hz 3/4 7 


| ГМ kall 2 Dim (4, м H) 


| |) امرس‎ afir [2 = "A if Lo 77 
| lz = Ж 14 7 > i. 


74 lak 2 2.8 2, Аби АЙ 


• Distri bufe wall load AI Lie қа pale 
ہے‎ Grats Values 


| | 
1.258/ Wall 2 Led ”سر‎ Жамбы load | 


ыз 4 | | 


<Š 
ц 


X ha Ж жаг, 


Жаға” и жул, 


| ۶۰ Be Patel ۸۶ «4 مش‎ 
fi h = ©, Tiotal Z ⁄ 74 


P. % P, 


r 
= 
Е 


[> рыз of ZZ 6/2777, Actions, #2225) 


| fr ad for مسج(‎ вс рг 5s Ғаы تج‎ d 


for tue سیت محمد مم‎ Verbal Sections ф one 20 Seas. | 


۱ Sections . 
Фе Vertical ӨС 1-4 


2- Verhca/ fec 2-2 


3. Horipoatd SCC 2-2 


| 


1 y as » rye fo Ға f PF 4 /“7», 7 
ТЭЭР №, 


o 


| for Вет от Илле! УЛ 


LE еу d. — 727202 af r4 


о. > 


FA 7) + 2/7 (ғ-4,), 7% (1) = =€ (T, +) 


3 
- (PE + fah В, н? » WF 22722, 
E 24 


H 
E 
(B < 
I: % [n 
| в 

E 


У po 


21 ( 


ЕЭ?7ЭГ2 


Le رع‎ 
| Take Me, z 0.0 z > سم[‎ ғ 
г 


Жам 5 Шы ћ Ё + Ё -/% 


| иеге 0 
n Is hy, Hh 7 қр 5 


| = Ру, Н, Hh + Р, A= M, 
ú / 


2) 


[OPERI 777 


4 
ST 


۶ Те ¥ TA 


55 


Get Фа? of Bro skar- оРо Ст ж) 
2 سے‎ o. af x 


! 
Ч 
1 
۱ 
^ 
"Б 


1 _ 1 H " 
Lu at x : 


2 
Ў 


SEF > 


| 2. Vertical бес Шон 2-2 


| Ro. | Str. Actions 

| H | 
| | 
| Rb,» b -- | 
| 1 ГА 1 
| ©, 


175 Get /7 
| ری‎ 3 moment драгог af Ё 


H) + 27. 0,727 lL: = -&бл+т)‏ سر 


МЕЛІ "P. 
752 
| ; 


[A ЊЕ Ет 
-8| 45 350 TUM 


:لے 


To Get ke,» | 

778, Е gl 

№, Лы Ж P Й + А Ж 3 /% 
7 т 27 ‚ #7 7 de % / 

fe Р (Fy Hk . Hs) + (8, : Hg йн M, | | 
2-2 / 72 | 
RM Bes | 
kh, „= 10. %, ۰ ۸ — ha, , ш | 
| | 
175 Get ОТ + Tm, | 
| 221 | سے‎ | 
p - Е. 2 Mn VR - /2.2 " Ж. | 


| . % Let MM, 
fu! of Lr der 
ui de 
уо 2 ¿z 


уз = me rer PETITS Ip аси Sw line EAMES سس‎ NON И 

тултгтэтэт‏ ماب دک سو سس r"1‏ ہیس سے 

ی ای ت ٣ں‏ تسس г‏ 
о‏ — 


| tm Horizontal Sachon Жай. ЗА (Al H/4) 


‚8 


| یی 


t 

t 

pi i 
| | 

| : 

е 

Е Í 

T ! 

IB і 

: 5 


же ^t 
on at 
77 2- тот?” Gual А 


^7- (е? + 2 М (1, + #2) + Le (Li) = lar) | 


S d 
3 


га Рр 
/4 (1, жаа) 


/, ما د‎ =| 4 рт 4 Р = MIT 


A 
"no и — ЖЕ. یھر‎ FE” 


š 
| 


Squared “Бий 


| Loy = Føl 


| | 
| To Get Reactions 
| 


| Square Тп 


2 Tum © — =m 


| Реци of Тер Denm. 


TEM ular Tanks 


тузт 1 ТЕТТЕ" 


| R ША 


| 
NE T | 


| 5 GF ^f. 
|4 s-ron uiton d d 
| Г 
/7/ = = [ Ka 2 Lı + Ка, Ls 


12 (2) Z L2 


^T, ve, = Ее 1, /ҳ 5 FT 


Ане, = Ka 


/-/ 


el, hI М 


|75 Get ели 


Reye +۳2۴ 5 97 [кеу 
пути ми 7 "Tm 
"m 0 A oa> uni A oand Y 7 


p 


4% Design of Sections, 


5 


Mrinal 
+6 
2 ^f, + У A. €. €. 
+ lier 
4 am + Im 


П ан 


All 4065 gre aba 5 "бе Рим Хет ДА 
سیت‎ only He ойы of fee م‎ фз 


3 


— 


|2. 127 d 87722 E 


pe | 
/ Гр. + Kb ASS: | 
2 /7, + №, Л OS, | 
| 37 /?, “Р A-7 AS, 5; x 
| 
| 


ver я the exili 9) ж 102 


6 4 


ë 


| @ Design ef Sekon 


3./берегЙ/ Section 03-0 (at ИЙ) 


5ес P Torta lic 7; Ge 


|, on af Sections 5 


سے ہے2 Peyr‏ 2 


Dimensions 


Assume Бао сөн 


йды. байн.‏ لع معاد 


Contin uous «бар oc e Ж be extended al —ve Sa tors i 
(с/о sed Frame) 


| ign P . 
Í Desig 0 Sac 


Sec ۰ Moment 


Г.. xe 
; 1 
: | E. halls QAI Deep И: Ç a | 


| ° Cnd tion for he Leum [e be dep i- 


2 ?.9 er 7^ 
7 > 0 És Lingle ا‎ ç 


| y / > eo for ويه باج عر‎ @ езу. 


x 229725) - 
إلا‎ = 6880 gem “e е) 
Jet = 2-47 4 P 0.87 ھ۳‎ " ZZ Speen (е) | 


vA = 2.32 1 > 2.272 ( буу mtm ہے سے ر‎ | 


- == T 
Ши = o ли مب‎ 5 rn ec “и < OWLS و‎ || 


ло St ж- دك‎ | 


Rep 一 to Reia forcement ыле P 


ае Booms کرک‎ 


9 i 


мады ےہ‎ Ф 
СТЕ 4-46. 
0 2 ње 
4 جر ب‎ 


2 
27722 


g Shells” denke Uo С o, 9D 
р А o. off 


Б-ажс- 


rs y 

22 

1 2 dar T £e2» 
e. ЖҰҒУ, 


N 
$ _ $ 
„бейс Jankie 


x 


&, 


њи 


Se + | JK 2228 7 apar E 
82 S R 


И: A fonk Em) 


dy. 
f. 


45 


a. 
Е 


Á 


риту 2 (ФУТ `= өзге; g 
паа Z 79 С Cm) 
HE ШУ + 52» 


жым Po Cam 


a 2 їо Cn 2 "ту er, 


5 ей за Гі e - 


HIR? ë w^ NCC LM: تر‎ ds 


Dr. Shaker - _ 
„ а dilatat = А = ж C, X ИЖ om 125 


M m. af Letom Р. шаг ww 
NS ~] = X, 7 D, ہر‎ D 52 
3 
KD, ho ia тй سینت‎ P 


a “Мов y ж бе 


ЖАЙ! 
өтт = = == tn 


| Heart roll ting) LÁ 
dp € ш rection 


А Рот Ти < Гыл 


FEE 


• Max P ey و‎ А 


Тен» ӨРЕЛ the 
бууг СР 
кы, | 
(do 7: СР 
7 22 = ХА 


ф 
білігі Selon» BY 
cipe т : King Zea force? 


Ma de 从 Croll ле lot hr 


ba quao № Мр 2% CR Avie) 


5. 


ДО fram Jae) Ж. --— сы РРА 
fer 2727 = ИА 


多 
и АЛ ута) 
(mita pe. f әт 
{ та Bar Dinter 


in АЯ 


ы Sutin i- 


Perb өз Дос: (Redd теста? z~ 
ЕЕ” 
DE و‎ La NM 
8 оо” 

Dey Æ 2 Ж, 
шау T м) т ә./25 مر‎ 
2455 ( Dr был 
БЭ o. 275 ¿Z p 

x3 ^ reve) 

ын. ян A fon. 


HE p^ ^‏ تج 
Пит be ааваасаа moment С DE be f^ А‏ 


P 
eds L Pbor И = ong EE 4 Pr Shaha 
| | 
doy 


2 _ Ab le 44 f of » 


dien ТА ЖҰ - LA Соё/ L 5 a És | Dash 


Ф 
= өс is 44 by -Z a г 


= Жай 52 | 
2 


m 257) `‏ نت 


SÀ 4/9 ) کر‎ 


РАУ 
7 Ей 3-8 
«А del 
fe со 


ЙА. 
тэгтэл 


Со АЈА uu. wi 
Tate UT جر‎ py tip: 
/7- УДА تر ہم‎ t Pa 
с Was fable Ф fo Hh + 17) 
7 Wy? VU pe ME PY, 
شف‎ / 4-44 per (Vs des 
цэг. | 


| ably 171 Pa ge A ж Т СШ 


Then / lake P эм Dit Ll pre 
— s ا‎ 


Тами Letra (DE). aS 7 Жо 
К ми! 5 Ki 4 Ay | I 
= | — АГ 


22 bol roe. (Moe ШӘ Af (enagcli—) 
ad г “ ^£, - ^7, Z | Df) هب‎ 


Мр 


¢ t == b ol سوست‎ ee) У 


کیٹ 
where M: 229 ined bed) Za --‏ 


М‏ )2.75 4/26( ۔ 
esa CAE‏ 


fc (7 M ж 
! f “2 WS 
7 20 167277 pr 

SA 
了 i t Gna 


> жы Райа | И , e 


Z ی‎ vo PR 
2677 > 8327 
hi) = >= PR 


x =, 


р. 0.95 Ш 2 
4” ы 
084) 
28 T gt fk Вође Hig’ | 
Сир imke Darr) 
^fi 
(-и) 


лаг. #2) ЭМ?) 


гаж жа: م7‎ v 


Mel مام‎ in dip BK Gc. 9 


же 


ж 


- = 222142 


227 Ф 


„ы ےوک‎ force = € -- با‎ Jae 


Же کر‎ 2 


Ян 727 (Сез ہر‎ of? Shh | | 


at Ker ЊЕ WAI, کے‎ 7272 


Cel Z ы below B 


ET 
Lo 


No or 
ie" 


КО; 


3 


Ж. AG hh 


ү Р Е 4 
= | 
кт пе 


PIS 


Tosi 一 
{рс 


гей: и: 
EN 


A 77 7 ۳ -— (У 


7 ia farce 7 Lok 
Es re cull 707 


"n 


7 byob Ctl 


ет Е. ہس‎ 


на COo “с. h 


е ай AG) : 


и. 
Co 
92:22: 


Wb Ж CCU [al Tak 


ФУ боо т 


А | 
AS RR № Ф 


То. ӨР / Zm га AM, 


“Z 3 Ju LE m ۳ аз Ж А 
5 | 


۲۲ 19۲ 7 ۔ 0 ,& فحصم‎ 
Ж 2. # /77 0 
Жак OIR je P- du a 


Vidal Жаға (бес) 
u MÉS ЕСТЕ. 2205 Е ин 


Ё Е 
Ж 2-/7 a al Z 


27 7 d "^ 
: Аё йе), ہی سر ہے و‎ ы: 


2 
2 гё qu dE 
TII). nt 


7 
= ол d 
„= =e] - | 


"A 5 so ~ 
2 


за“ 


важи wo р Lian‏ بن Фи‏ م 
X‏ ⁄ 
Hay- ۱‏ 
7 عم سے 
zm 22‏ 3 5 
LA‏ 
% 


= 1 
5 2 
2 
2 x 
- c 
Е А ај 
V.2.6. Circular Plates with circular hole subjecteed to uniform load :- 5 2 е | 
Е = + 
| 2-2 2 5 ю 1 
SSS R 8-0 = г Е 
р авай тавд I : Lira PSP 4 2 | 
Е 3 
5 c 
Ф 
3 
3 с وا«‎ | 815 
о c a Rei © ~ wv 
= 
امم‎ 
< 
5 
ا‎ 
2 
о 
= : 5 
E | El ё С & 
> 1 
| 1 ЕЦ 
! 8 | 8 Ї 
| “ | - IË | 
= سے السا‎ TERES 00 
۳۹ м 
> 1 8 5 
3 | ME 
2 x | " 
9 3 5 A Е БШ = 
جرم‎ < 5 m = © A 5 
г | : a 
i | ! 7,225 | Н а = = H 
! 1 аян, ! ! | | = Š 5 a қ 5 
M <a р i ١ E Y я 5 z š 5 
“1 i i | | 9c ЭГ "EE ЭЭН и 
1 I i | = я е е k= 
| ! | | = = کس‎ Te Ва ؟‎ 8 
| ! 5 | 5 x 
M, ao as j 9 š š 
| | щъ "РЕЧЕ Е سےا‎ — 
| | | к ماه انم‎ = € 
: | Н = 1 : 3 М B | 
[^] | | i یم‎ 5 del 58 " 
di. H ۰ 9) м ағар a в 
| | | Fig. d EISE па I Ч. 
> à 


El-Behairy Design Handbook Chapter (5) Circular Plates 


1|% 
| а 
زه‎ © 


ы -141- 


- 140 - 


= 
= 
ВА 
VE: 
zt 
= 


244 Robles Sol Q 
426 <€ 


и Kolo La سی میں‎ ЖЕН БӘСЕ ПЕРІ — 
a far ГУ curt x Gon cal arp me ; 
al отсе 1. уже, а E aber (í 


mu Е EMEN 
m | yer unfer 


Què of Лева 
ме КИ Но 
ме ДА P 
ما‎ ЊЕ (2.511 Ф) у 7 


Х,-о-54 tA 


Xs 2-54 ty Lh 


Xs 2:5+ Ё 3 n ۱۱۱۱۱ ۲ 1 
۳ хн سوہ‎ 


Me мын حقو كو‎ 
W—— 
MA. si „йк ts 


Me М te 

ы МАГ а 

е‏ ع+اہکے رم 

АВ ria вещ) سی‎ 


28€ £ 


(Z E> 1/6 ша бе Шүй. pis 


дъ 8 w 


g + 
22 4/ 
A. 
chek ЊЕ 223 | 
: PENA 
5 (бос. С 
E 4 4f 22 = 
== 0272 


Ф 


pA A mee ہے‎ 2 
cael Кайа бъра Jol Ж F. | 
on WP === аа REEL. jo 


6 s. vn ње al. MM e ...۔ گے‎ 


۱ 24 гә Ll, 
1/, брзо СЫ) 


Р” mt Де Гай edis d'a.) 
А Ne p fo AL Ja. 
"11144 , h?m 


0а hi "à наг" 
کے ہے‎ — Р. m 


if 1) 7 т— h <? 7 
P Жж “Z al 2; 
£ 2 
a CAL а 
یم‎ КЕПТЕГЕН A 


9 114 7 7 


2 


Wik Gate dark 


ФР (ее т 


ЛА 
f= GC FR ہے ہے‎ 


2 
Стах = Ge bo empre о» flor 


) 5 
до үл ó 


«гр Ve =, үр 29772‏ یر 


Мр. ارز‎ uf 2122 
2 š 


Рр, Ш —— 6, С 


Хесе 
edi = СРК Ж P ty 


Ел ај Jd ( Foor) 


: MS 0.784 # 0 he 


714 
I IE atte سے‎ Ja ТЕЛА s 52 


E? 
7% PM Ф af © 


72.5% 2 = 
277 пре یب‎ -4) 252221 


| 5 
" 2 Ва 
1 
2: = 
| = 
一 
— 
£. 
+ 
£ — 
т 
2 


V.2.6. Circular Plates with circular hole subjecteed to uniform load :- 


7.225 


i 


| 


-.-------4-----ы 


El-Behairy Design Handbook Chapter (5) Circular Plates 


- 140 - 


ELOAD 


PORTED CIRCULAR PLATE WITH CIRCULAR HOLE SUBJECTED TO EDG 


V.2.7 SIMPLY 


Bending Moment = Coeff. x pb 


i 


са 
Ға 


ВВ 
© 
5 
3 ; 


-141- 


ар 
ҒА 


= г=а 


^ 


© Eng. Wael Hassan 


All rights reserved. 


Commercial design use OK. 
1 | Commercial educational use prohibited. 


Academic use OK. 4 жор (سس>((حن‎ 


FORCED CONCRETE TANKS ۰ 
SOLVED EXAMPLES , 
„ДАМР 1: 2 THE AQUEDUCT, 


«for the Shom spen Channel С Agueduct) ر‎ Jive a fall neal 
Сади ги Sheet £ Complete Reopens ы а ; 


E 9 : 450 اس‎ 32 Зее بر‎ буйн Қ, = ғо е” 


А бош Коп ° 


• Оте height of Wall = 4 m )<2 Sm) , So it iS «блоги | 
ма > сос Тр end Condition of в бле атс ШЕЛ) | 
So we Аме to “Se Tp допрен бел» ГАА 
Bes spaad 5.00 ng. 


„аф ол Loo. (flor slabs 3&5) 


ds ите л 5 = = /8.75 от take ір = 30 ton 


da ©. АЛ + Ea 204 yf = 75% 0.504 !«4. 
إلا د‎ = 5 ут 


ох 5 = 1267 беч + xz eM fs ån 


Фира 4 Муз Ар 3445 Џи 
2 
+ f = pips 1-325 72, 


Since ШЕ 200 ) n<5/4 vue) ~ Wall is 5йа Wall. 


s M пы Loa Gavel ны KE Фа VE a £ Um? 


7 ہر‎ дуу? atin j , 


2 3 
: ho, 3.425* 3 
оъ 2M, 413) + M, C ғ i) 


ú MM, = 336 ж/е 


„ Гра 14513. 33 = 0.44 ји“ 


=> Je = 1,327 bon’ 


4 3 = ФА 一 /827 = 4.179 Жа С Tasia in سا‎ 
jh 


“Га 3.425 + 3-00 5 5.14 ТА, ( Tension Та al) 
2 


7 ۶ رح‎ = Max Тет. ہر‎ 44), 


2 Shee” ж м 


" To gel sjal 


5. e (20, = (4143 = 193 И 


3 
хо х. эн 
4 


۰ a^ z 2.89 „7. Un 


| Solution ung Fixing re. تا‎ 


Бай Moment at Mall ond 77 
+= 5 «от fie = 4.267 Ма” 


"TA z 54054 3 /12 = 5 pet Tet‏ - = م۳1 
2 


unbolamced emet = 4.257 2588 = 9,7405‏ لے 


wil be diluted bet? wall 4 fla dae fo teir rebdive 


die : buf Since х Value ($ Фи ) $2 mM ë елеу 
mome} wil be te “7 я 77 г f SU 


M, = 4.207 +298 7: ah (remember 3.36 m-th} 
| . 2 


ə fed matu]. ia Dr Жж А 


be bre. Д: = 34284378 _ 2 = о a А‏ مه 


47. get reactions 


% = oo уу” Ён FG, = odo Look 4. ~ 4 ہے‎ 
/ + т 


x = 1:31 Un سا‎ wai tt /.82 Из ре?) 


К, = PH, ай Кы 5 2-4? — ۵| = 64/7 ж Cer. > ба) 


3.425 ж 3/2 - 5.4 Yor " ( Тет. in смі) 


+ ۹ 


+ 240 
+۹ 


2.84 + AA 


clear ff Лес 1' more гї Жан Sec 2 


ша no — | to dps Л 2. 
7 


| ° eiia al Sections е 


Sec 1-1 (Кое. с. Tension) 5.6. 
Mz 340 Ме М. #19 Un 
ё- МИК = 0.553 r 


Anume Е. 22853 = ДО ст 


e/L = 138705 :. جروس‎ eccetricily (WW бы Cre) 


Аня (Гор То Ли 
| Би С di 1 stage Í 


2 


277 E (3421 « 5 || (ево) = /2.825 glo 
12777) Р Elfxlo / С وہ(‎ є до) = 1.54 Aper 


| /. 5.5 = | 
Ж Е [1+ теі ن‎ ty: ав |14 rr | 49-83 ст 
cr(M) 


Е: 7. 6 3 E. 2 277 = 30/۸63 = 4 


= дь 


ie : 279 ۴ feku) = 4-325 Ху < 1972 


| Doin ath Че 


ГУ = 15/1 = 5.2 т/ж Mj = (5A + LT 2 


е - 2.5557 /27 


ss eth + ver = 0-553020 + 2.5/ . 0.328 


“%- Ny < @ = 3.04? 6 


Ca 


. Д. wbd У = 162 т/ж 
ы 77 А 


^ use врт Re 4 


rue буг ~ As 


/7- 297 тж АЛЬ T, же 


Ihe а 388 2273 | AL, > + 3.87 ж 


b= гео On [e до + LW ,(4о-20) = 27262 Сэт 
4-ор 


е: /NA = (495 ele: BAF ہے ہی‎ 


Ge da 7 + lor = MB- 2.295/5/, + 0.225 - 5 
5 mn 


2 Tus = 77 ёс = 3.833 rat’ 


sf- lac "TP әнін J O = 2.022 
UA Ба!“ е 
+ As = oo bd ly + i fe - 53 cole i US өй” 
Ü 4 Ж. 64, 


Lonsitudinal Sechin i Tank 


= 325 e 57, مت‎ 2.74 m. bi 
x^ 2223 = 5 > 22 = 138 УА 
44 Ae) | 


5есй-) Water Side Sec. 


J I= IW mfa 
277 n ped 


5 


| 2 2) 32 ША с/у: 30/12 = 17.64 fy 
lust => = |, 


ТАРАУ 00 


/ z EST = Aly 7272 


= о.о 
М < = 2. o/ ін É ж 
二 —T[ n 


f bod 


° (OP) 
"ҮР = 4/27 cm 
„> А; > co bd 0 


` 


mL, - Pot nya 


37- p.225 2 ec nua г e = 4 о = 6 om (56809 


Dem at Їр Желе 


г. 3 ۱ Te. 
He Y 
b= Зе بس‎ c „5 Ку = /.5 L = 5ھ‎ Жж 


Ге бо (775) [^ z Reaction Cam force in Te 
| амын, Айы 

Же: Wy = 56% mt 

рое = 44% = 2-85 а i 


qu, 6 bth = / 575 ton 


\ 


e pois A Sections e 
Sec. 1-1 RPC. SOC. 


б‏ سے PE mf be Вещи‏ تن 


К: 2.225 А сйғоө5З8 2 h - 5.79 سے‎ 
Asmin Бот > use (pI) 


Sec 2-2 Kec Sec 


ve = ZSS Г 


2 = о-о/2 EJ ее Ғ 3 A » Mud ди 


lua: 0 14 š 5 out ~ Uk Eoin (4 #2 


» Derim Ties 


„Те Dim (30452 


Ће = ۱5.575 1 


~ 


‚4: ТҮУ) = 43808 میں‎ фра 


| „Си 4 МИК оо Dep Beum 。 


2 Loads о L / 
سس‎ 2 1 


ИР‏ 24.2 2.92 № 4 ٭ (B. 2o 3-04, o)‏ 2.5 ( ¥ 4^ = رن.ه 


АД о.) + І.5х іш = 424 LSE 5.4 т //.9/ ж 


[Typ = 207 = WOE 5/2 . 24.8125 mT 


(Arve < wily = Пиер = 4 mf 


TL ; que бесі. 


a. = 72.47 mb 
Ty ۱ ӘШІР = 2735 т 


7, £L 25395 Lo 
“се 


Ч 


os 1. 1243 om SE 
5 bik 43 от 7/5) 


| Drin 7 _ байлга е 


E 24.%/5 

Ул, s a p = تقر‎ т 
Z: Mag: (844 TH 
As = т/р 2 2.2 om 


À ди‏ ب ا 


[^ 


Ui 4 70 


o.4h 
eth 


e Design of 5 


„ану of frame » سد‎ a Dim.) 


9 Frame Girder 
(рии) È a- s ase. 23759, Ай b= 75 ст 


And 


3 = (0.54- o. (o) 7 = 42 ہہت‎ 


. ۳ (207776: Column 


Да med = № G 
A z 1.87 É; = 722 Сот 
в Vid of руте 


naume „л«# of сете larcher f 27727 = 40 Ст | 


ms on Frame ° 


Ф Di6bhp Load om bordir 24 
bh = 14 (26е 0.4 0-5 (0-754 0-%2)) 


- NA (2.56 о.3ө «(1-57 Ms») 2 
+ hb (1*4 x 1.579 )/-59) #2 = 8 Ит 


i= 


| > ОЈ 424 سا‎ у, 


Му = له‎ + 7 = (25-46 eS fo фе o2) 


+ &5(5.%) 


5 М” = Mti ж 


2. لا‎ = ^ £ (2,59 ۰. +5.7) = о.74 Жж 


2 Concentrated Laud on kume Crider» (It¥ 7098) کے‎ > f | 


= 


۳ 


| raining Olors РЕ 


| انتا‎ 6, t 
m: 198 Ha 
| Lo 
5 
| 
1 
eS EMI „24 
(04.5 mt. 


i= 


4 


n of бейт; 4‏ نوت 


• Sec (1—1) x 


Се са Sec 15 al colunn Касе 


бө 115+ пе 1454 5.5.2 mt‏ = ريم 


lal 


815 ۰ т 54.4 rat 


Sec (1 - 1) % er же Ж. „658 


29и 7 SEC 1-) AI eis شاپ نے‎ 


مب =L‏ ۔ ۶م 


сетите És ЕРЕ 233 = 240 ст 
4.5 #40 | 


= = «РГ = бе $44 elo? : 2 
7 и Су) bi pu 1417 fe ја" 


bys le a и E ГАР = Etr 


h 9 TIN 2 o- 125 = 3 Kum = зе / [on 


А - jo 58 А 2 
m^ J - ТАГ Аут 


‘fo 


> 77 2 Es 70 = йе 72774 Control, | 


1 Сал L H ФР at Љиг X, 


~. z کا9‎ m.f (Notice tect же CELIE /? 9. 
due fo desa for Craik о а, 


abe the Loads ¢ Stra ii actor) 
bz fo om d'e 230 ст 7 


dus (42) ад 


s 
го қ. ATu ek = 2.015 + с? 0.02 
kbd 


4 : obd fp = 0.02# &oy ور‎ ж 250 fe 35 3⁄2) = 15 от 


Жə Ye b.d. = 35,١ оні 
ےس ےا سے‎ 


ND A, 4 Ар л 422 Е ИМ 


л жж 44/8 for A, 
802 tr 5 


Hint: 734 defer to use adr и (ule To 
improve 222202) behara af ші Сэ ен ( 22722 


- Dope 1 Јес 2-2. 455 


ty = ш ton 


Nek 


plane Buc 1 lago 


Й = 5-24 = 2.60 т unbraced syter 
7? Soul бий йн еее (P Pedals Fined 


b -23 m аЬ fom Bet 


24-145 2 Aem ет 
5 Ne ж A M oe 7 == 


o reck اسه‎ £ Үс fucking ےد‎ 


№ = 4.20 #27 bz до Cm 


Po اميق‎ Conch ہما‎ OH @) 222 95291 
БАБ» 9 ава ээ Cove (1) Жш 


mid гуйн Z= og 
و۸‎ A = је + ЊЕ (17) 
до G 24 же P Ш 


p ЖА Due To گر‎ T | 


ее $22 2.2 


5 “а, = 0.25 #4/ 2 #2245 = 


Lee. و‎ лс B ilig ж» سکھے۔ اہ‎ 
Ше F... سس ث‎ Р b- £ om- d'e 0ت ر‎ Ore 


ы سوک‎ ро لے‎ ей „ CA. uu? 
KT TAS ۰ pEr 


777 Fe Leo = SU F Ич 


түүт. т o.oo X 6 дәу2оФ- 48 mr‏ 2 از 


5 A 
7 ar as wd " Am 202 -6 P22) 


2277 Е, а. pod É ZO foo = Z2 


(+ А“ = 55 lo $22) 


| سیت 


Ге vated کے‎ 2-0 


Gin Al М Пи. 
ИЛД ж” Куат 


4 


x 
Р the брат Ril. МЕГ Tmk, tiga Ч 
x 


реат x ons! 
ще аы ties 


CLA 


7 
2 
2 
2 
2 
7 


Sqn‏ لم لداع 
waliv tank‏ 


Г; 
L: 


LE 
es 
POT SPM Y M 


وہ 

| lo dowel 
x Ї фэн Floor ۲ ۳۳ 
AM те. 2 4 ant Om 4 Lp 4 50 cm tke 22% i 


wpe ماج‎ HUM «25 е Тор 09042 a 2.25 ж” 


TINC СТАРАТА 2 


| так sub Lab ау РР ЕС کس بت‎ i وسر مس‎ 


۲ ۵ ЈЕ al 2 د‎ 028-60-5 ag EL = обрт 277۶ | 
» eo а =Ë о сү 7 o 7 a 


[-b- Well Load | 


3 41 P Le H = /2#2 


a s s 2⁄4 ع‎ $ > 2 > e M 


| à Дей wre howe! only 2 и poe ны 


| | Ж بر کے‎ = 4 рт š 
: ЈУ ФЕРЕ 7% 2 БРЕГ уа 22 end а» бағы 


x 
4 
و‎ 
: 
т) 


d 


Ғ а ( Verb Gal Sec only) 


Str. Actions Бай 


! febr 2. moment pear af 2 
М, (4) + 27% (ва) МО) = ه-‎ те) 
V = 3 а % ж 4/45 = 5.49 the 


3 
万 = Weyl [2g = 2395 «49/24 = 6.33 tr 


ur ^ + 4 /7 = سے‎ 72.08 — Ф 
| qom Л. om el ¿aos af С 


3 了 
^7; (4) + 2% 6,9, 7 4) 5-4 وھ‎ El 


24 


2 474) 2фД/7 = - 75.796 -----Ф 


a ГАЧА 


| Solving © t È 
| 77, = -3.74 p А 

۱ / = - 3.4۶ ж 

| 772772 

27%, =° | ke 


| жа” | 
| Aeg ТЕ. 6 L 
1 4 x 
| XY =° 


"m rte Y. КЕ, Lh -li gonm 
2 2 


2 ¿ ` 


las ТУ رد‎ = 0.6304 Yor 


A 


75 Gef | ^£ 
797242 САРА Zao- da^ al Ж from ЕР 


| | 
| е Ж х= 26, = (8 m | 
iB. 
| 
P. _ (Fv - 2). PANE. 
Ж 2 


. Z ہم ۔‎ x. _Х ۔‎ 248 mb lm 
2 


7o Gef ^^ رط‎ y 


ےے 


47 ед” /% „/% == И“, er 
рєт 


2 % 


L 3 з 
۹ (35) 


1 | 
Tp = - <. PZ مت بس‎ LF رم‎ | 


— url 


| رست‎ of Deluns 


| Iel Moment бн) Normal ару) 
2.43 To. (3 


| 2 3.% + 1.56 


3.74 + 427 


1.28 + 6.27 


2. о47 + 8-27 


| 74 |. Fo T 4.27. 


| «Doin He стрес) 7 (214 (3) гена Дени 


| e Take As by momant Ratio sf fis, : USia 
o IC 24, Shod be ripe for Бэ?" 


x шини the critical 7 SOC д 4 £ ы аны г -4 


“pe 


A. &. s. 


.5 .5 ہا 
А/ S.S.‏ 


A. 65. 


А/Д 5.5 


Ж.с 


2 


“с 3 


Зээ Roof pt 


L” 


бес (1-0) 4 S.S. 
$2 
Assume ty = 499 or Јошт a Ё = Хо бұр b 
16 


~ da ж Shaye ЯЖ Са. Ttnion dec) 


И, +S + 245 = 32/95 me 


Aa = Эзе ое. = 2.745 ғ 


Ce МАЧ = 3.4 Ot: тт > 5 Lage Ва 


Ga ام‎ gaê = 3.275% 


2 7 ыты ты лен ps m .۳7ہ‎ m Л TERATE ہچ‎ ? 


1 IM = Mats 3.015 лају 


даг | (00-0) Curve 


| R= 0.016 sizes? o ИЙ Üben ae Фут | 


244 AY бой Side 


سا 


x 
۴ 
5 
时 


i 


| 
3 
E 
š 
) 
у 


Ра. ea (a = هلم‎ = 39.8 Ат 


| SEC (4-4) W. S.S 


М.н mblp Ms (2? Yor 


| ہے‎ ds : Check Stremto 


———— 


ЈЕ рала +4 = от = 45 ст 


2.2 


B ; 
19177, - 6224/0 = /.7% Кут 


45 х leo 


< 
12/777 2 Ра = £ ¥ 95.724 4/0 95 Гог feg fom! 


7 оо #45 ° 


bf 


ty = + | ١ + аш | = 20.43 ст “s: АДА | 


С 
Қи) 


fr ۰ tray + аш: 247 04 


Ще 
t 


LL Ра Ë т Ај Tea 04443» | 
045 | 
- А” pm 


| зіме JE (сас. Tia) 
x ء ركم‎ 654 134 > 541 mb 


Ау = 45 وم‎ = 9427 fla’ 


Cz 0.516 т е ۰ 325 DoS аре «С 


| = Жез P 74 + Core = в. 324 мт 

| / = ls Ny = 5.97 >. t` 

(R- со) бале 

| ds 27277 
2500 پووز‎ 42$" 


2 fer 22:85 


= o. 228 


> 2 Др 7 2151 = „ЛУ е £ Sa 


Lj 5 ж 


СЕБЕ تج‎ E OEE ETE CLIII LEIK OANT 


r تست‎ E ЭН 
um ١ А - 2 5 = — и 


а 


ғ 
| Se ہے‎ 456 (ас Tem) 
| سین‎ -= „Фи و۶7‎ = 2.55 т ж 


А = ویر‎ 622- 7.425 ж 


| ёс бд = о27 т elt: 22-47 да 
5$ <ë T, 
бй (Z е) Curve 
72 „#* — 
fa bi 


| Coz C- bo + COVEY = 0,97 = 2/5 + ه.ه‎ 21 = 0۰/4 o 


Z = Es МИ = 196 жж 


| К = 0.007 


5 Life Жыға 2 e$ ж fe s 4. im 


2 ие 5 жж 


© 


| Diiia ak Тр سس‎ Рр” 


| — | —— | 


de им 


Loom 


Mave - РАТЫ (Gual son yaa! Load) 


iMLve FU PITT رہ‎ 


u 


“u = 227927 = 5./%4/; = 2.575 mb 


7 E 


24 


ын” = L7J < #77 > 5/7 fon 


т = Ка 62 ж Va = 127. Ре {2 = Да 42 Тел 


Е af Sections. 


| Sec А. Moment (m+) Moral (t) 27 
+Ve 2,595 a 5./ў Аял 
_ үе 2./? + 2./7 ШҰҒА: 


| وا‎ di 7 - Ve Section (et. 2%») 


| 77, = مک‎ ЗИ = 7.985 mb 
u Mz - 7.745 i» 
| es ж/ж = / oo 


Клипте b = وح‎ с” 


21 ш 222 £ Жо сто if = Рос» 


е = 142 > "5 3 “e ` e. 


%- 
в 
Е қайын EET USE Тәу Құйылыс збен om mmn 


в: C. сет |. oe Sp oor 2. پور‎ 


lye 2р A ЖШ ead 
R= که‎ л IC meg = Wp bd = S AT гт 


x (4%0 TEL 
2 


foment дуга”) 7 Жалт Је ж Zo kbd АЛУР Яс» | 


I А f(b) 
| “жж = Ze ml 
Qe 2.2: put déc > (ac. Ton ) A. SS 

тэй,» 227 gu Ma = 7-785 Ё 


S @= 25 E e/ = o. 7/4 us a дуг < 


бу: 0.5 2.51 0.05 = oom 


М = ote # 9.745 = 1.559 mb | | 


Кг ee? ` иде 799 27 2. ЖЖ 


of Tre |‏ موا 
(а = 24.57 fon A. S.S.‏ 


Ty : 15 مه‎ = 035 t 


| lonsider The ow: df Te مہ‎ Caves سے‎ ni 7ھ‎ 


дөө ў Tre = 6412 = 84% т 


3 


| 


Желе 776 Qinensierç Зо» Ур 


5 P a = (Ғе о.За ۰۰5 ۲ 2 De 7 + 8/3 = 2.83 nt | 


ЈЕ š = ts oho Zes meat |‏ ے 
Ty 77»‏ 


T = ог 2.83 ` نا‎ | 
2 2 i (0.275 — 0-025) B EN ын | 
5 F A | 
| | [у & ٥ ! 
| Ay = H4 y 7۰156 ше ورپھ‎ Tal | 
| РРА Side pars 4 


КЕСИ 


“зар of floor Beams Eneka аут 544) 


| عق‎ d В! 


i: 
3 


Dimensions 


b = ост бі = 1222 = Joo Cm 
72 
Loads — hk 2/2204 | 
сура ZL) | 
" | 
Ай, УУ. ow of PRO 
Aleta 


ж 1‏ )0.30 ص9 
/2ж/2‏ 


= Wy = 738 tm P= ۱02 s ў 


2 A= ڈیو‎ -2 LU = 7.5۶7 = ولا‎ 


ET i 


„ И 5, 25 + 


ВІ 


В GED 


| وی‎ J Sections 
| see» AE 


Ки те жә. Ж 


Вер» ? «го 
° /£ < ?o+?o -5/2 


| 202.30 = 272 ZZ 


(G-J) богд 
| | Сұ 7 6-22 


| бояған 9.00324 人 /= l3 -Sn 
کا‎ 


Wo = W ж б/о go 
4:4 Sin 72 


( 7- Sec) 
Ф = Зо 


Je o ES 


212,78. Va 


Take 7: /2е em 


a Ass 6A 25008 


ef 28) 


a 


is | 


7 Z f 


| бес 44-2) ALES (ka. Je 


Stage І 1 БРЕНА Section) 


۷ _ Е?еж39619%(10%12 «75) 
272 » 70 + ?о,30 


| мМ = FF md Мо = ?2/ مرو /5 دج‎ 
| 
| 
| 
| 
| 


3 3 
ЈЕ 410450 + 2704 و‎ r бордо к 45° 
2 


IR 4 
| 41 = 0.0992 mb = 2-9772е/9” ем? | 
| T г ок | 
| ә, 4. бізге” ہے عمط قش م‎ 15.94 bl | | 
| T e 2772 ж 79 

PA ж کور‎ 5 
EL Е Р Eum = 255 о» 77 ecm 
| (тыла P هسمي سے‎ DA : 
; ty = f /20 от - ТЕ 
| | 


57,» JT 
ми = 33 т 
Kec. Sec 
(Ф-с) Cue 
Ад = 2.272 Eds eos г. B = 2.55 | 
| for ФЕБ реге | 
| As = uk ЖЫР feu | 
| tied 
| * As: 2.275 Зож//5 x Bos a z2 om 


0.546 3600 


„: «е Лу: 4 228 Дет from +w dec. 


| Check of Shear | 
| Answer 527772 


3 


Фал оор 72:74 


| Jer ke Shawn 5) шид ба 27772222 бур” 4 
| CN tel KE СУД E 


, Bol баре 


| رس 

| 62| ۶27 | 

i- (дле of Mater Пете | 
УЛ 


i- Chek of бре 
foe A (3 ж dent) 


Jor رس‎ Assume At fhor 


ил = Yo x Ja He ۱۱.۵+ 1 = 54 Ме u Р А 
3 2 || а 
+ нв 
x W, = fc # бос! Z seo а ДЕ ма. " | | = | 
| | 


| АРЕ (1.38 + о.) 4 0 #2959 = [.95 L= Es ات‎ === 


| Х = (0:50 0.15) = 0.65 п 
| Хр = 54082-40 ,و‎ 59 2 1 


Take отъ? @ 2 
ИД = Fu xL Tor Y. 
2% 
ЛЁ 4 (5-44 1 ++ ے220‎ 654 95۱ 3( - 253 (139) 
> 
~ жа. D 4.52 тағ 
М = => - 54+ 2.21 + La 26 ж 


е: “Ж. حور‎ = 73205 = ۰.963 т 


М 


EN 7 | 
Ё 4 = 2 sf = == 2.702 5 = 0.53 7m е ال‎ 
| | | 


Кит 
> Ыбы] ээ Жаса» (е Soil) a buc M, 


х — — 
(за в پر‎ ШЕ 2.6 > 


e 3 % Vie LE < 2433 9 


2 2 % 7” ж Zac regne Toe to ور وو کر‎ 


£ Reckec Your self 


| wken e 27 ғ” 


7 
| 


| F + 8C. 
Ü г X 2.0 dor Дей cd: 


x 
| 
| 


8: 


Г. 1 


| & Say 72722 | | 


7 ? 
^7, = 2 = Ум # д.5 rable 


Ah 2 SHY = Ty = 4.5 a 


| (бо лу уе oe for singly = 
| 4 (тї фи“ [Up Laff = 4 | 


سے ہے 778 | 


| i 2 1 
| یپ‎ | 
| бес Moaea! (rtf) Warne (Or) pe | 


| /2 E 22122 мї | 
ре 4 + 6, WSS, 
| 2 Q + Кр 45,5, 


оми 8^^ Јес AgI 


ПЕТР”, 7 Av. Frenure 


| 6,3 55 HRA = /8 x 5 7.332 = 1.8 ж 
| om ant gt 4 


| 

ер = 1 ¥ Ka ہے‎ dk e = 2.75 Ui 
Мое = == ай, 4 2445 УА x 

] 


fs + е 4% 2-38.67 ы 


КУ, A M 4- : ә... of 420) 


| 
| 
| Reon of 772274 ہے سک‎ 70 Sher) (Due fe FP 


Ca Kf = 2۶ 0.3 5 625 о | 
еа) 4 


بوت ў «Ра‏ یوب 


SEC Куд Arrel Tyee 
|| фут — 767 6” ⁄. ç. رک‎ 
2 2.05 о.б ہے‎ 22 a AN Ж ES 


Со rll е ж-е леда 


Ғ 
L 


Е 
Ва 
== 
т 
E 
2 
= 


The tank shown in Fig. 1 represents a cylindrical water tank with a central cylindrical shaft. Concrete 


compressive strength is 40 MPa. The reinforcement steel is 400/600. It is required to conduct a 
comprehensive structural analysis and design of the shown tank and develop full structural drawings 


with reinforcement details. Assume any missing data. 
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Problem 2 


The underground tank shown in Fig. 1 represents а two-vent 8x8x5 m rectangular tank of a water station. 
Concrete compressive strength is 40 MPa. The reinforcement steel is 400/600. It is required to conduct 
a comprehensive structural analysis and design of the shown tank for all possible cases of loading and 
develop full structural drawings with reinforcement details. Assume any missing data. 
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Problem 3 


The shown 7x9x6 m rectangular tank represents a water station tank that is partially submerged 
underground. The tank has a top facility room with an RC roof covering and 8 perimeter columns 
uniformly distributed. Concrete compressive strength is 40 MPa. The reinforcement steel is 400/600. 
Soil bearing capacity is 18 kN/m? and active soil pressure coeff. is 0.33. Surface surcharge is 5 kN/m? 
while live loads are 1 kN/m? and 3 EN/m" for the roof and facility room, respectively. It is required to: 


l. 
2. 
3. 
4. 


5. 


2.5m 


ос ال‎ Sh: 


Propose the structural system for the top RC roof covering (no design required) 

Propose full concrete dimensions of the tank. 

Take two vertical sections of the tanks in the two orthogonal directions showing loads, load 
distribution and boundary conditions for all possible cases of loading. 

Take опе horizontal section of the tank showing loads, load distribution and boundary 
conditions for all possible cases of loading. 

Analyze the given vertical sectional elevation in the figure for internal forces of the tank for the 
case of repair. 

Analyze for internal forces the horizontal section for the case of tank testing. 

Check soil stresses and uplift forces for the most critical cases. 

Design the most critical water-side section in the vertical sectional elevation. 

Design the most critical air-side section in the horizontal tank section. 


. Develop full structural drawings with reinforcement details sketches for the given vertical 


section and the horizontal section. 
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Problem 4 

The shown rectangular tank has 5 meter breadth and it represents a water station tank that is partially 
submerged underground. The shown load case is to be modeled on SAP2000. The tank has a top facility 
room with an RC roof covering. Concrete compressive strength is 40 MPa. Surface surcharge is 10 
kN/m? while live loads are 3 КМ/ш for the roof. It is required to: 


. Propose the structural system for the top RC roof covering (no design required) 
. Propose full concrete dimensions of the tank. 

. Prepare a numerical model for the tank on SAP2000. 

Determine using your model all internal forces in the tank under given loads. 
Determine soil pressure under the tank. 

. Check tank uplift. 
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Problem 5 


The shown 10х10 тп square footprint elevated tank has а total height of 8 meters. The tank includes a 
central empty square shaft that occupies 3x3 meter footprint and extending over the tank full height. 
Possible column locations are as shown in figure, however, the choice of the number and locations of 
columns is yours. Concrete compressive strength is 40 MPa. The reinforcement steel is 400/600. It is 
required to: 


1. 
2. 
3. 


4. 


9o c OA EA 


Propose suitable column layout. Be careful as your column choice affects solution strategy. 
Propose full concrete dimensions of the tank. 

Take the necessary number of vertical sections of the tanks showing loads, load distribution 
and boundary conditions for all possible cases of loading. 

Take the necessary number of horizontal sections of the tank showing loads, load distribution 
and boundary conditions for all possible cases of loading. 

Analyze the vertical and horizontal sections you took for all internal forces of the tank. 
Design the most critical water-side section in the vertical sections. 

Design the most critical air-side section in the horizontal tank sections. 

Develop full structural drawing with reinforcement details sketches for the given vertical 
section and the horizontal section. 
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: السمك وحدید التسلیج‎ Баш) التسلیخ مع‎ маз علاج صدا‎ ٦ 
(74) يتم العمل طبقاً للخطوات التالية الموضحة فى شكل‎ 

٭ تصلب الیلاطات . 
* پزال الغطاء الخرسانی من أسقل . 


аа من‎ Lus یتم تنظیف الحدید‎ ж 


№ ممق الحديد بمادة کیمابوکشی ۱۳۱ VE ah tag‏ ساعة لیچف . 


مسافات Yo‏ - ۵۰ سم فی الاتجاهین . 


ж‏ تزرع أشاير أفقية بعدد وبقطر حسب تصمیم حدید التسلیح الستخدم فی الشبكة 


+ تثبیت شبكة العدید الستجدة de‏ طريق ریطها بسك برباط فن الاشایر الزروعة في 
البلاطة والأشاير الجانبية الزروعة فی الکمرات . 
ж‏ يدهن ЈАК‏ سطح البلاطة من أسفل بمادة کیمابوکسی f‏ ۱۰ . 
* قبل جفاف مادة کیمابوکسی ۱۰۶ » یتم طرطشة البلاطة من أسفل باستعمال روية 


‚ Vo الأدييوند‎ 


٭ يتم صب الزيادة المطلوبة لسمك البلاطة باستعمال خرسانة تحتوى على الركام الرفيع 
وعلى الاضافات Go‏ للانكماش مثل أديكريت بی فى إف بنسبة ٦‏ كجم / Ye‏ إما عن 
طريق مدفع الخرسانة أو عن طريق التلبيش على طبقات . 


a. 0 


٭ صلب البلاطات وإزالة الغطاء الخرسانى وتنظيف الحدید ودهانه کیمابوکسی ۱۳۱ 


+ تركيب الأشاير الرأسية والأفقية گل ۲۵ سم فى الإتجاهين 


Бо аа‏ المطلوية من مسك بلاطة السقف 


شكل (Y^)‏ تقوية البلاطات بزيادة السمك وحديد التسليم 
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: تقوية وترميم البلاطات الخرسانية‎ ٦ 


: السمك من السطح العلوی‎ Bala jy تقوية البلاطات الخرسانية‎ 7٦ 


يتم العمل طبقاً للخطوات ЫШ!‏ الموضحة فى شكل (гл)‏ | 
« تنظیف الاسطع الخرسانیة من Ll‏ ا 
٭ تزرع أشاير بقطر ۸مم وبعمق سم فى سطح البلاطة العلوی على مسافات о. - Yo‏ 
سم فى الاتجاهين وتستعمل مادة كيمابوكسى ۱۱۵ فى زرع الأشاير . 
٭ تركب شبكة من حديد التسليح العلوى فى أماكن عزم الانحناء السالب وشبكة من حديد 
التسليح فى أماكن عزم الانحناء المهجب . 
ж‏ يدهن کامل سطح البلاطات العلوى بمادة کیمابوکسی ۶ ۱۰ . 
я‏ قبل تنام جفاف مادة كيمابوكسى ٠١4‏ ء تصب الخرسانة بالسمك المطلوب ويراعى 
استعمال إضافات تقليل الانكماش مثل أديكريت بی شی اس أو أديكريت بی ul‏ اف 
بنسبة لا تقل عن ٦گجم/م٣‏ من الخرسانة . 


زرع أشاير بكامل سطح البلاطة الخرسانية فی مسافات о. - Yo‏ سم فی الإتجاهين 


а 


تركيب شبكة حديد التسليح المستجدة وربطھا مع الأشاير 


شكل (VV)‏ تقوية البلاطات بزيادة السمك وحديد التسليح 


: تقوية البلاطات الكابولية بزيادة العمق من اغلی‎ ٦ 


يتم العمل طبقاً للخطوات ЫШ!‏ الموضحة فى شكل (ҮҮ)‏ 


* تنظيف الأسطح الخرسانية من أعلى جيداً . 


+ تزرع أشاير بقطر ۸ مم وبعمق سم فى سطح البلاطة الكابولية العلوى على مسافات 
Yo‏ — ۵۰ سم فى الاتجاهين ويستمر زرع الأشاير فى البلاطات المجاورة بطول مرة 
ونصف البلاطات الكابولية , 

* يركب الحديد الرئيسى الستجد للبلاطات الكابولية وكذا الحدید الثانوى ویراعی أن يمتد 
الحديد الرئيسى بطول مرة ونصف البلاطات الکابولیة . 


* يدهن سطح الخرسانة بمادة کیمابوکسی ۱۰۶ . 


اکجم/م۳. 


زرع أشاير بکامل سطح البلاطة الخرسانية فى مسافات Yo‏ - ۵۰ سم فى الإتجاهين 


تركيب شبكة حديد التسليح المستجدة وربطها مع الأشاير 


(ҮҮ) КА‏ تقوية البلاطات الكابولية من أعلى 
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| 4. Ahmed El Hady , Lecture међа on Кош and ہیں سے‎ | 
| ^^ RC. Shure, Qos Тама, 2922 x 


L2 EL bacs, Sh. , Abo. E. ed Kamal, 7۳ , деј ді. тахина | 


| of Structures. 


15. Waked, 44, ° Reasons Фе Бл lapse , Seente 


| Book hane , G¿rə , 1995. 
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: تقوية وترميم الكمرات الخرسانية‎ ٦ 


۹ غلاج صدا هدید التسليح بدون زيادة الابعاد او التسليح : 


يتم علاج صدأ حديد التسليح فى الكمرات بدون زيادة الأبعاد أو التسلیح طبقاً للخطوات 
التالية الوضحة فى شکل (۳۱) . 


* يتم صلب الکمرات عن طریق صلب البلاطات والکمرات الثانوية . 
ж‏ تزال طبقة الغطاء الخرسانی لحدید التسلیح الذی تعرض للصدأ . 


+ ينظف حدید التسليح جيداً من الصدا باستعمال فرش سك أو فرش سلك مركبة على 
شنیور أو بمسدس الرمل . 


. ساعة‎ VE يدهن حدید التسلیح بمادة کیمابوکسی ۱۳۱ الانعة للصداً ويترك‎ ж 


۱۰ تدهن الاجزاء الخرسانية أسفل الفطاء الخرسانی الزال بمادة كيمابوكسى‎ a 
. ۱۰ ویراعی إعادة الفطاء الخرسانی قبل تمام جفاف مادة کیمابوکسی‎ 
يعاد الفطاء الخرسانى أعلى الکانات باستعمال مونة أسمنتية بولرية ( مونة‎ + 


А (Ло أديبوند‎ 


ж‏ یتم صب الغطاء الخرسانى لحديد التسليح الرئيسى باستعمال مونة السيتوركس جراوت 
آو عن طریق التلبیش باستعمال مونة الأدیبوند ٥‏ أو مونة کونفیس ۲ اف . 
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| ۹ هلاج صدا الحديد وزيادته بدون زيادة الابعاد الخرسانية : 

| یتم علاج صدا حديد التسليح وزيادته طبقاً للخطوات التالية الموضحة فى شکل (۳۳) : 

* یتم صلب الكمرات عن طريق صلب البلاطات والكمرات الثانوية . 

٭ تزال طبقة الغطاء الخرسانى لحديد التسليح الذى تعرض للصدا . 

٭ ينظف حديد التسليح جيداً أويدهن بمادة كيمابوكسى ۱۳۱ ا Lavell АШ‏ ويترك 
Дари БЛ‏ 

٭ تركب أشاير للحدید الرئيسى بنفس العدد والقطر عن طريق عمل ثقوب فی الأعمدة 
بقطر يزيد من ٤ - Y‏ مم عن قطر حديد التسليح الرئیسی ويعمق V о‏ قطر الحديد 
الرئيسى وتملاً الثقوب بمادة كيمابوكسى ٠٠١‏ ويثبت بها الأشاير . 

٭ يركب الحديد الرئيسى المستجد . 

* تركب الكانات المستجدة عن طريق تثبيت أشاير بمونة إيبوكسية بعمل تجويف فى قاع 
وجانبى الكمرة مقاس ۲×۲ سم لوضع الكانات بإحدى الطريق الموضحة فى شكل (тү)‏ 

* تدهن الأجزاء الخرسانية فى أماكن الغطاء الخرسانى المزال بمادة كيمابوكسى ٠١4‏ 
ule‏ أن:یتم إعادة الفطاء الخرسانی قبل جفافها . 


„До الادییوند‎ 


ж‏ يصب الغطاء الخرسانی للحدید الرئیسی للکمرة باستعمال السیتورکس جراوت أو عن 


شکل (ҮҮ)‏ الكانات الستجدة للکمرات | 
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التسلیح وزيادته بدون زيادة‎ шах а coe (TY) Ка 
الابعاد الخرسانية للکمرات‎ 
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وتقاصل هذه كارك NAb, Ax‏ 


التسليح الإضافى 


جانبى الكمرة 


يتم زنبرة قاع وجانبی الكمرة و 


تدعيم كمرة بإضافة تسليح إضافى 
سفلی +طبقه da‏ 
رک Wa)‏ 


٦ء‏ تقویة الكمر ات بتثبيت фа! уй‏ حديدية ) (Steel Plates.‏ : 

يتم تحديد أماكن تثبيت الشرائح وأبعادها وأسماكها طبقاً لحالة العلاج ا مطلوبة وتستعمل 

هذه الطريقة فى الأحوال التالية : 

٭ تقوية الحديد الرئيسى العلوى والسفلى للكمرات . 

* زيادة مقاومة إجهادات القص (Shear Strength)‏ نتيجة لضعف الكانات أو الحدید 
المكسح (Bent Bars)‏ . 

* تقوية الكمرات فى حالة وجود الشروخ النافذة ویتم لصق هذه الشرائم بعد علاج 
الشروخ بالطرق السابقة . 

وفى جمسيع الاحوال يتم تثبيت الشرائح الحديدية فى الكمرات الخرسانية بطريقة 

االصسق بمونة إيبوكسية والتثبيت بالسامیر طبقاً الخطسوات الموضحة فى شكل (то)‏ 

کما یلی : 

* یتم عمل زنبرة وتنظیف السطح الخرسانی فى النطقة التی سوق يتم تثبیت الشرائه 
الحديدية علیها . 

" ٭ يتم دهان الشرائم الحديدية بمادة کیمابوکسی ۱۳۱ الانعة للصدا. 


+ یتم عمل ثقوب فی الشرائح الحديدية والسطع الخرسانی . 


حوالی 40( 


+ يتم تثبیت الشرائح الحديدية فی الاسطح الخرسانية بعد دهانها بكيمابوكسى ۱۰۰ 
باستعمال مسامیر فيشر أو هیلتی . 


دهان كيمابوكسى Хо.‏ أوکیمابوکسی ٤‏ ۱۰ 


: تقوية الكمرات بزيادة حدید التسليح والابعاد الخرسائیة‎ ٦۰ 


يتم زيادة حديد التسليح والأبعاد الخرسانية بغرض تقوية الكمرات وزيادة مقاومتها 
للأحمال ويراعى أن يتم علاج أى عيوب تكون موجودة بالكمرة مثل الشروخ أو الصداً 
بحديد التسليح قبل البدء فى عملية التقوية ويتم تقوية الكمرات طبقاً للخطوات التالية 
الموضحة فى شکل (Yt)‏ . 

. یزال البیاض وینظف السطح جيداً ویتم زنبرته من جميع الجوانب‎ ж 


ж‏ تركب أشاير لحدید التسلیح الرئیسی بنفس العدد والقطر عن طریق عمل ثقوب فی 
التسلیح وتملأ الثقوب بمادة کیمابوکسی ٠٠١‏ وتزرع الاشارة . 


Ен الرئیسی‎ шал رکب‎ + 


+ تركب الکانات الستجدة بإحدى الطرق المبينة شکل (۲۲) . 


+ يدهن کامل سطح الکمرات بمادة کیمابوکسی ۶ ۱۰ على أن يتم صب الجاکت قبل تمام 
جفاف مادة کیمابوکسی ۱۰۶ . 


ж‏ يصب خرسانة الجاکت من خرسانة خاصة تحتوی على نسب Galle‏ من الأسمنت وركام 
فینوویض اف إليها مادة الادیکریت بی فی إس أو الادیکریت بی فى اف بمعدل 
٦کجم/م۳.‏ 

+ يتم الصب laf‏ باستعمال مدفع الخرسانة آو عن طريق شدات عادیة بها فتحات جانبية 
تصب منها الخرسانة على أن يكمل الجزء الأعلى من الجاكت بالتلبيش بمونة سيتوركس 
جراوت . ويمكن أيضاً الصب عن طريق عمل فتحات فى البلاطات الخرسانية العلوية . 


ли 
دهان کیمابوکسی ۱۰ وصب القمیص الخرسان‎ + 


شكل (Y£)‏ علاج ша‏ حدید .التسليح 89039 التسلیح 
واماد الکمرات الخرسانية 
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No : تقوية الاعمدة الخرسانية بقميص خرسائی‎ ٦ 


يتم تقوية الأعمدة فى الأحوال i SAU‏ سابقاً بعمل قميص خرسانی وتعتمد МАЛ‏ القمیص 

الخرسانى وأقطار وعدد أسياخ حديد التسليح على المتطلبات التى أدت إلى ضرورة عمل 

القمیض . طبقاً للخظوات التالية والوضحة فی 5 IU‏ 

. تزال طبقات البیاض وینظف السطع الخرسانی جيداً‎ ж 

‚ على سلامة العمود‎ АЎ یتم زنبرة جمیع الأسطح بطريقة لا‎ ж 

ж‏ تزرع أشاير اربط الکانات الستجدة للقمیص فى الاتجاهین على مسافات Yo‏ - ۵۰ سم 
وتزرع الاشایر عن طریق عمل ثقوپ فى سطح العمود بقطر يزيد بمقدار مم عن قطر 
الاشایر أى فى حدود ۱۰ — ۱۲مم ویعمق كاف لتثبیت الاشایر أى فى حدود ه إلى V‏ 
مرات قطر الاشارة . 

+ تنظیف الثقوب جيداً بالهواء الضغوط وتدهن من الداخل بمادة کیمابوکسی ۱۵۰ ثم تملا 
Дуа‏ کیمابوکسی Mo‏ وتزرع الاشارة ویراعی أن تکون الاشارة بطول كاف لربطها مع 
ИК әй лада З‏ 

* تزرع أشاير للحدید الرأسى بنفس العدد والقطر الستعمل فی حدید التسليح الرأسى 
وبطول Y‏ یقل عن ۰۰ مرة قطر الاشارة . 
وتزرع هذه الاشایر عن طریق عمل ثقوب فی القواعد الخرسانية السلحة أو فى الکمرات 
طبقاً لحالة ویکون قطر الثقوب أكبر من قطر الاشارة بمقدار ۲ - ٤‏ مم وعمقها فى 
حدود ۵ إلى V‏ مرات قطر الاشارة . 

ж.‏ تنظف الثقوب بالهوا ء الضغوط وتدهن بمادة کیمابووکسی ۱۵۰ ثم تملأ بمونة کیمابوکسی 
۰ وتزرع الإشارة . 

. ثم الکانات طبقاً لتصمیم قمیص العمود‎ (С sud کب‎ а 

Ба‏ می از жета.‏ ہے 
القديمة ویراعی أن یتم صب خرسانة القمیص قبل جفاف الدهان . 

* يصب القميص من خرسانة غير منكمشة تتكون من الركام الرفيع ( الفينى ) والرمل 
والأسمنت بنسبة لا تقل عن ٠٥٠٤‏ کجم / ۳ والإضافات المانعة للانکماش مثل أديكريت 
Я BVS‏ أديكريت BVE‏ بنسبة Y‏ تقل عن ٦‏ کجم / م۳ . 

ж‏ يتم صب خرسانة القميص Ll‏ عن طريق مدفع الخرسانة (Shotrerete)‏ أو عن طريق 
الشدات العادية بعمل فتحات فى الشدة وفى بلاطة السقف وصب القمیص على مراحل . 


۰ 


| — 
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: نتیجة وجود صدا غير مؤثر فى حديد النسلیخ‎ Ба! ترمبم‎ ٦ 

فى حالة تطبيل الغطاء الخرسانى وانفصاله ووجود شروخ به كنتيجة ТӨН‏ حديد التسليح 

بدرجة غير مؤثرة حيث لا يكون هناك حاجة ماسة لزيادة الأبعاد الخرسانية للعمود أو زيادة 
حدید التسليح с‏ يتبع الخطوات التالية الوضحة فى شكل (YA)‏ . 
٭ تعمل أحزمة كل +0 — Vo‏ سم بكامل طول العمود عن طريق إزالة الغطاء الخرسانى 
بعرض ۵سم فى أماكن الأحزمة وتنظيف حديد التسليح جيداً من الصدأ ودهانه بمادة 
کیمابوکسی WY‏ ثم تحزيم العمود فى أماكن الأحزمة بكانات ۲ © ۸ - ٠١‏ مم . 
* يتم تقفيل الأحزمة على سطح العمود باستعمال الزرجنية وفى حالة الأعمدة ذات 
القطاعات الكبيرة يمكن تثبيت الأحزمة فى العمود عن طريق أشاير تزرع فى سطح 
العمود كما هو موضح فى شكل (۲۷) . 
ж‏ تملأ أماكن الأحزمة بمونة قوية مثل مونة الأديبوند Vo‏ أو المونة الأسمنتية البولرية 
. المسلحة بالألياف ( كونفيس ٢‏ إف ) أو المونة 
الإيبوكسية ( کیمابوکسی (No‏ 
ж‏ یزال الفظاء ААА!‏ الأماکن age Гоа‏ 
— یتم تنظیف حديد التسليح من الصدأ 
باستعمال فرشة سلك LS ya‏ على شنيور أو 
مسدس الرمل . 

- يدهن الحديد يمادة مانعة للصداً مثل 
ка‏ ۳ : 

-يدهن العمود بمادة مقوية للأسطح مثل 
کیمابوکنسی ۱۰ : 


— يتم عمل الغطاء الخرسانی من خرسانة خاصة 


تتکون من الرکام الرفیع الذی لا يزيد الحجم الاقصی لحبيباته عن о‏ مم والرمل 
والاسمنت بنسب Ulle‏ لا تقل عن ٠٤٤‏ کجم/م۳ واضافات لزيادة السيولة مثل آدیکریت 
بی شی إس أو آدیکریت بى شى إف بنسبة لا تقل عن ٦کجم/م٣‏ من الخرسانة . 

- فى بعض الأحوال یتم عمل الغطاء الخرسانی من الونة الأسمنتية البولرية Зул)‏ 
آدیبوند ۱۰ ) أو المونة الاسمنتية البولرية لسلحة بالیاف الفیبرجلاس ) کونفیس Y‏ 
إف ) أو الونة الأيبوكسية ( کیمابوکسی ۱۱۰ ) وذلك طبقاً للمتطلبات الانشائية . 


+ تکسیر الفطاء الخرسانی فى أماكن الأحزمة ‏ | الأحزمةالحديدية 000 ||| 
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7 ترميم عمدة Josa‏ قمیص خرسانى فى حالتی وجود شروخ نافذة أو صدا мэх‏ 
تسليح بنسية عالية : 

أولا : ترميم عمود به شروخ نافذة مع عمل قميص خرسانى : 

. ١/١ يتم علاج الشروخ طبقا الخطوات الموضحة فى بند‎ ж 

+ عمل قميص خرسانى طبقا للخطوات الوضحة فى بند ١/۲/١‏ 

ثانيا : ترميم عمود بعلاج صدأ حديد التسلیع وعمل قميص خرسانى : 

فى حالة وجود صدأ فى حديد التسليح بنسب عالية فيتبع الخطوات التالية كما هو موضح 

فى شکل (YA)‏ : 

ж‏ تعمل أحزمة کل ۵۰ - Vo‏ سم بكامل طول العمود وعن طريق ШУ‏ الغطاء الخرسانى 
بعرض 0 سم فى أماكن الأحزمة وتنظيف حديد التسليح جيداً من الصدأ ودهانه بمادة 
کیمابوکسی ۱۳۱ ثم تحزيم العمود فى أماكن الأحزمة بکانات ۲ AQ‏ - ۱۰مم . 

sa‏ تقفیل الاأحزمة على سطع العمود باستعمال الزرجنية وفی حالة الأعمدة ذات 
القطاعات الكبيرة یمکن تثبیت کانات الأحزمة فی العمود عن طریق أشاير تزرع فى 
سطح العمود . 

ж‏ تملأ آماکن الأحزمة بمونة قوية قليلة الانکماش Да‏ مونة الأدیبوند Vo‏ أو مونة کونفیس 
Y‏ اف أو کیمابوکسی ۱۱۵ . 

ERN UESTRO الگرساتی فى‎ ДЫШ Ши a 

. ينظف حدید التسلیح جيداً من الصدا‎ ж 

. ۱۳۱ يدهن حدید التسليح بمادة کیمایوکسی‎ ж 

ж‏ تزرع أشاير لربط الکانات الستجدة للقمیص فى الاتجاهین على مسافات ٠ - Yo‏ هسم 
ЕГЕСІ‏ الکانات باستغمال الى الایبوکسية کیمابوگسی ۱۹۰ . 

ж‏ تزرع أشاير للحدید الرأسی بنفس تسلیح العمود - طول الاشارة о.‏ مرة قطر السیخ 
وذلك بعمل ثقوب فی القواعد المسلحة أو الکمرات بقطر يزيد 4-۲ مم عن قطر السيخ 
وعمق من ۷-۵ مرة قطر الاشارة - ثم تنظف الشقوب بالهواء المضغوط وتدهن 
کیمابوکسی ۱۵۰ ثم تملأ بمونة کیمابوکسی ۱۱۰ وتزرع الإشارة . 

٭ يتم تركيب الحديد الرأسى ثم الكانات . | 

ж‏ يتم دهان سطح العمود بمادة كيمابوكسى ۱۰۶ لربط الخرسانة القديمة بالجديدة ویراعی 
أن یتم صب خرسانة القميص قبل جقاف الدهان . 

ж‏ یتم صب القميص من خرسانة غير منكمشة تتكون من الركام الرفيع ( الفينى ) والرمل 
والأسمنت بنسبة لا تقل عن ٠٤٤‏ کجم/م۲ والإضافات المانعة للانکمناش مثل أديكريت 
5 أو أديكريت BVF‏ بنسبة لا تقل عن ٦‏ كجم ۲۸ . 

. عن طريق الشدات الخشبية أى عن طريق مدفع الخرسانة‎ Ll يتم صب خرسانة القميص‎ ж 


ren‏ جب алел UI ULSI E навеле‏ اج ات نت 


ترکیب الكانات العلوية للحديد الرئسی المستجد 


+ تركيب الأشاير العلوية للحديد الرأسى المستجد 
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حلول العمود الأصلى 
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زمة ) صلب de‏ ×۸مم کل 1,5 م 
من رتفاع الحمود 


أشاير اسياخ القمیص الراسية بطول ۱۲۰ |“ 


سطح الخرسانة يتم زنبرته بمدقع الرمل 
دهان بمادة (Мио Bono ер)‏ امام الصب 


GUIS‏ القمیص # ۳ سم تزداد 
إلى # ۱۰/۱۲سم فی ۱,۵ م اسفل العمود 


قمیص سمك ۷ سم 


قوب لزوم تزریع اشایر الأسياخ 


الراسية قطر ۲۲ مم Г.М SH‏ 
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يبين طريقة تثبيت القميص بالقاعد: 


خوص سمك ۸ مع 


am k 
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